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CORROSION'S FOCAL POINTS are easy to detect with a 
new Amercoat testing method using iron and caustic 
indicators in a saline gelatin bath. On the welded 
and scored steel panels shown above after test, un- 
worked surface areas turned red to indicate cathodic 
properties; but the weld, scores and edges turned 


How to protect “trouble spots 


Ask a corrosion engineer where metal corrosion is likely to attack first. 
Chances are that he will name rivets, threads, sharp edges, angles, crevices 
and welds. These are the areas of stress concentration, work hardness, 
fissures and abrasions. They tend to be anodic and actually breed corrosion. 
And although they warrant increased protection, conventional coatings pull 
away from their sharp profiles and leave them inadequately covered. 


Amercoat No. 87, a true vinyl mastic, protects these spots in a single 
coat 10 mils thick, whereas other coatings fail to build 5 mils in three coats. 
It cuts maintenance painting costs up to 50% because you don’t have to re- 
erect staging and scaffolds for additional coats, and you get results that last. 


No. 87 combines the time-tested chemical and weather resistance of vinyl 
coatings with the thickness of mastic, yet it is easily sprayed with standard 
equipment over a suitable primer. Available in white, gray, black and alum- 
inum. Use it for enduring protection at lower cost per square foot per year. 
Complete details mailed on request.— Amercoat Corp., South Gate, Calif. 


blue (here shown blackened) to reveal themselves as 
anodic corrosion breeders. Rivets, threads, crevices 
and abrasions also show anodic under test. Unless 
such areas are effectively sealed from moisture, 
oxygen and ions they will erupt as focal points of 
corrosion cells. 


‘against corrosion 


AMERCOAT Corporation, Dept. GJ 
4809 Firestone Blvd., South Gate, Calif. 


Please send me your latest information 
on Amercoat No. 87. 


Name 
Position 
Company 
Address. 


ee State 


EVANSTON, ILLINOIS * KENILWORTH, NEW JERSEY 
JACKSONVILLE, FLORIDA * HOUSTON, TEXAS 
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Z, , TIRED OF PULLING 
CHEWED-UP TUBING? 


If you’re losing sleep over the profits you leave in 















the hole every time you pull ruined tubing string 





from a highly corrosive gas lift or water drive well, 





it’s time you followed the example of those opera- 





tors who have virtually eliminated such costly waste 


by installing tubing strings protected by a suitable 





baked-on Plasticap coating. 





Plasticap coatings give you top to bottom protec- 





tion and the first cost is the last. It has proved ‘itself 





again and again in wells where the large volumes of 





fluids produced necessitated frequent replacement of 





uncoated tubing. 





ARRANGE A CONFERENCE WITH ONE OF 
OUR 16 FIELD SERVICE REPRESENTATIVES! 









. TUBULAR GOODS INSPECTION SERVICES 
BAKED- Pets OATINGS 


See you at our Odessa Plant Oct. 25 
NACE Tour—Odessa, Texas 


HOME OFFICE AND PLANT: P. O. Box 7631, Houston, Texas. Phone UN 9-2491. BRANCH OFFICES AND PLANTS: P. O. Box 388, Harvey, La. 
Phone Fillmore 1-1636. P. O. Box 2749, Odessa, Texas. Phone EMerson 6-4491. SALES OFFICES——TEXAS: Houston, Corpus Christi, Dallas, Midland, 
Odessa. LOUISIANA: Lafayette, New Orleans, Harvey. 
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“Those Galvomag anodes give us the added punch we need 
for our high-resistivity soil” 


If you’ve got an underground corrosion problem, Galvomag® 
magnesium anodes are almost always the best solution. 


Galvomag, the Dow high-potential anode that delivers 
25% more current than conventional anodes, gives con- 
tinuous protection to underground equipment—and it’s easy 
on your maintenance budget. These more powerful anodes 
also provide extra punch and throwing power in high- 


resistivity soils. In normal soils they insure against corrosion 
with fewer anode units. Either way, you save on your 
original investment for cathodic protection. 

Contact one of the Dow magnesium anode distributors listed 
below for detailed information and technical assistance, or 
write directly to us. THE DOW CHEMICAL COMPANY, Midland, 


Michigan, Department MA-1428GG-3 


Call the distributor nearest you: Cathodic Protection Service, Houston, Texas ¢ Corrosion Services, Inc., Tulsa, Oklahoma ¢ Electro 
Rust-Proofing Corp. (Service Division), Belleville, N. J. * Ets-Hokin & Galvan, San Francisco, Calif. * The Harco Corp., Cleveland, 


Ohio ¢ Royston Laboratories, Inc., Blawnox, Penna. * Stuart Steel Protection Corp., Plainfield, N. J. * The Vanode Co., Pasadena, Calif. it 
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devoted entirely to corrosion 
research and control 
Published monthly as its official journal, by the Na- 


tional Association of Corrosion Engineers, Inc., at 
Houston, Texas, U. S. A., as a permanent record of 
progress in corrosion control. 
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Protects Metals at 


Red Hot Temperatures! 


UP TO 2200°F 


in = 
Mackal 


HEAT-PROOF 
COATING 


Heatproof Coating Stops 
Corrosion, Scaling and 
Oxidation 


MARKAL “S-R” Coatings were devel- 
oped to protect metals, graphite or carbon 


parts against scaling, corrosion, oxidation, 
PTT it Lat ane 
a 
PREVENTS CORROSION 
TU MTT Lunas 


or carbon and hydrogen penetration at 
temperatures up to 2200°F. MARKAL 
‘““S-R” Coatings are excellent for the pro- 
tection of stacks, radiant tubes, retorts, 
carburizing grids, mufflers, manifolds, etc. 
MARKAL “S-R” Coatings will not peel or crack at high tempera- 
tures and are not affected by rapid heating and cooling cycles. 
MARKAL Coatings are manufactured in a complete range of types 
for specific applications. Write for a free copy of Catalog MPC. The 
MARKAL COMPANY, 3051 W. Carroll Ave., Chicago 12, Illinois. 


THIS MONTH’S COVER—Permian Basin Cor- 
rosion Tour members are shown here during 
the 1955 tour inspecting sucker rods pulled 
from a producing well. The Oct. 23-25 Seventh 
Biennial Tour sponsored by NACE’s Permian 
Basin Section features numerous similar inspec- 
tion trips in air conditioned busses. Over 300 
are expected to register. Tour headquarters is 
Lincoln Hotel, Odessa. 
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aie Hand application of NO-OX-ID Cold Coating. NO-OX-ID "C-M" Casing Filler protects casing and carrier 
BUCK pipe under highways and railroads. 
>SON 
NO-OX-ID coating-wrapper combinations are the 
versatile answer to every kind of pipeline protection 
Whether you are installing distribution or transmis- neer. He will help you select the right combination 
sion lines—whether you are working over rough or for your next pipeline job. 
smooth terrain, there is a NO-OX-ID Coating and 
Wrapper Combination to give the right protection. Re SE SRD 
° On mill-wrapped pipe, NO-OX-ID Coating, Wrap- Just off the press. This 12-page illus- 
per and Service Coat protect from mill to ditch. trated catalog tells how NO-OX-ID 
NO-OX-IDcan be applied over the ditch by Traveliner combinations fit job requirements. - 
using less material and equipment. Hand-applied on Your copy is ready...USE THE NO-cxrs, 
short line installations, service lines or special fit- COUPON. me i 
tings, NO-OX-ID goes on fast. No noxious fumes. FO eee ED “| 
‘ ‘ ‘ fee | Dearborn Chemical Company i P | 
Leading pipeline contractors and utilities rely on | Merchandise Mart Plaza, Dept. C-NO 
versatile NO-OX-ID Coating and Wrapper Combi- j Chicago 54, Ill. | 
nations. Consult with your Dearborn Pipeline Engi- | © Send my copy of the new NO-OX-ID catalog. | 
jer | O Have a Dearborn Pipeline Engineer bring my copy. | 
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Directory of NACE Coren and Sectional Officers 


CANADIAN REGION 


A. R. Murdison, Director; Imperial 
Oil Ltd., Transportation & Supply 
Dept., Pipe Line Div., 111 St, Clair 
Avenue West, Toronto 1, Ontario, 
Canada 

F. W. Hewes, Chairman; Canadian 
Protective Coating Ltd., 9336-91 
Street, Edmonton, Alberta, Canada 

Bruce Levelton, Vice-Chairman; B. C. 
Research Council, University of 
B. C., Vancouver 8, B. C. 

A. H. Carr, Secretary-Treasurer; 
Koppers Products Ltd., Commerce 
& Transport Building, 159 Bay 
Street. Toronto 1, Ontario, Canada 


@ Calgary Section 

D. S. McIntosh, Chairman; Britamoil 
Pipe Line Co. Ltd., P. O. Box 130, 
Calgary, Alberta, Canada 

G. Mainland, Vice-Chairman; Impe- 
rial Oil Ltd., Tech. Serv. Lab., 
300 - 9th Avenue, West, Calgary, 
Alberta, Canada 

E. W. Abercrombie, Secretary-Treas- 
urer; Aluminum Company of Can- 
ada, 118 - 5th Avenue, S. E. Cal- 
gary, Alberta, Canada 


@ Edmonton Section 

W. G. Brander, Chairman; North- 
western Utilities, Ltd., 10124-104th 
Street, Edmonton, Alberta, Canada 

W. H. Seager, Vice-Chairman; Ca- 
nadian Protective Coating Ltd., 
9336-91st Street, Al- 
berta, Canada 

E. E. Moore, Secretary-Treasurer; 
Interprovincial Pipe Line Co., 10049 
Jasper Avenue, Edmonton, Alberta, 
Canada 


@ Hamilton-Niagara Section 


H. W. Hyslop, Chairman; United 
Gas & Fuel Co., of Hamilton, Ltd., 
82 King St. E., Hamilton, Ontario, 


Canada 


Edmonton, 


®@ Montreal Section 

H. A. Hencher, Chairman; H. L. 
Blachford Ltd., 977 Aqueduct 
Street; Montreal, Quebec, Canada 

H. H. Yates, Vice-Chairman; Redpath 
Library, McGill University, 3459 
McTavish Street, Montreal, Que- 
bec, Canada 

M. D. Phillips, Secretary-Treasurer; 
McColl-Frontenac Oil Company, 
Ltd., 10200 Notre Dame St. East, 
Montreal, Quebec, Canada 


@ Toronto Section 

H. A. Webster, Chairman; Corrosion 
Service Ltd., 17 Dundonald Street, 
Toronto, Ontario, Canada 

W. A. Landon, Vice-Chairman; Con- 
sumers’ Gas Company of Toronto, 
36 Mutual Street, Toronto, Canada 

Frank Farrer, Secretary-Treasurer; 
Trans-Northern Pipeline Co., Ltd., 
696 Yonge Street, Toronto, Ontario, 
Canada 


@ Vancouver Section 

J. McLaughlin, Chairman; Industrial 
Coatings Ltd., 1920 Main Street, 
Vancouver 10, B. C., Canada 

J. Grey, Vice-Chairman; B. C. Elec- 
tric Company, 129 Keefer Street, 
Vancouver, B. C., Canada 

C. H. Townsend, Secretary; Insulmas- 
tic & Building Products Ltd., 586 
West Sixth, Vancouver 9, B. C., 
Canada 

C. M. Colton, Treasurer; Railway & 
Power Eng. Corp., Ltd., P. O. Box 
459, Vancouver, B. C., Canada 

B. H. Levelton, Trustee; B. C. Re- 
search Council, University of B. C., 


Vancouver 8, B. C., Canada 


H. F. Haase, Director; Corrosion 
Consultant, 2202 South 28th Street, 
Milwaukee, Wisconsin 

R. W. Flournoy, Chairman; Reynolds 
Metals Company, General Sales Of- 
fice, 2500 South 3rd Street, Louis- 
ville, Kentucky 

W. E. Hare, Vice-Chairman; Hare 
Equipment Company, 1720 Section 
Road, Cincinnati 37, Ohio 

R. C. Weast, Secretary-Treasurer; 
Case Institute of Technology, 10900 
Euclid Avenue, Cleveland 6, Ohio 


@ Chicago Section 


V. M. Kalhauge, Chairman; Stand- 
ard Oil Company of Ind. Products 
Pipe Line Dept., P. O. Box 5910-A, 
Chicago 80, Th. 

H. C. Boone, Vice-Chairman; 116 
Iroquois Drive, Black Hawk Heights, 
Clarendon Hills, Ill. 


I. J. Acosta, Secretary; Crane Com- 
i S. Kedzie Ave., Chicago 
D. G. Keefe, Treasurer; 
Company, Research Lab. 
Stock Yards, Chicago 9, Til. 


® Cleveland Section 


A. R. Corlett, Chairman; Harco 
Corp., P. O. Box 7026, Cleveland 
28, Ohio 
. F. Bosich, Vice-Chairman; Dia- 
mond Alkali Company, Painesville, 
Ohio 

John Scott, Secretary-Treasurer; Trus- 
con Laboratories, 29818 Cresthaven 
Avenue, Willowick, Ohio 

@ Detroit Section 

Walter R. Cavanagh, Chairman; Par- 
ker Rust Proof Company, 2177 E. 
Milwaukee Street, Detroit 11, Mich. 

Robert P. Marshall, Vice-Chairman; 
Saran Lined Pipe Company, Saran 
Protective Coatings Company, 2415 
Burdette Avenue, Ferndale (De- 
troit) 20, Mich. 

Euel Vines, Secretary; Koppers Com- 
pany, Inc., Tar Products Division, 
1312 United Artist Bldg., 154 Bag- 
ley, Detroit 26, Mich. 

L. W. Gleekman, 
dotte Chemical 
Street, Wyandotte, 


Swift & 
Union 


Wyan- 
Biddle 


Treasurer; 
Company, 
Mich. 


@ Eastern Wisconsin Section 

D. H. Westermann, Chairman; Miller 
Brewing Company, 4002 W. State 
Street, Milwaukee 8, Wisconsin 

E. A. Witort, Vice-Chairman; Steel 
Sales Company, 2400 W. Cornell 
Street, Milwaukee 9, Wisconsin 


Harold F. Haase, Secretary-Treasurer; 
Consultant, 2202 S, 28th Street, 
Milwaukee 15, Wisconsin 


@ Greater St. Louis Section 


Charles W. Ambler, Chairman; 
American Zinc, Lead & Smelting 
Co., P. O. Box 495, East St, Louis, 
Illinois 

Oliver W. Siebert, Vice-Chairman; 
Mensanto Chemical Company, W. 
G. Krummrich Plant, Monsanto, 
Illinois 

Dean Jarboe, Secretary; Dennis 
Chemical Company, 2701 Papin 
Street, St. Louis 3, Missouri 

A. O. Fisher, Treasurer; Engineering 
Dept., Monsanto Chemical Com- 
any, 1700 South Second St., St. 

ouis, Missouri 


@ Kansas City Section 


Robert J. Malley, Chairman; Deady 
Chemical Company, 1401 Fairfax 
Trafficway, Kansas City, Kan. 

A. C. Singer, Vice-Chairman; The 
Gas Service Company, 824 Grand 
Avenue, Kansas City, Mo. 

J. _L. Grady, Secretary-Treasurer; 
Corrosion Control Company, 1425 
Broadway, Kansas City, Mo. 


@ Southwestern Ohio Section 


Sol M. Gleser, Chairman; A. M. Kin- 
ney, Inc., 2905 Vernon Place, Cin- 
cinnati 19, Ohio 
_E, Hare, Vice-Chairman; Hare 
Equipment Company, 1720 Section 
Rd., Cincinnati 30, Ohio 

R. L. Wood, Treasurer; Cincinnati 
Gas & Electric Co., Gen. Eng. 
i P. O. Box 960, Cincinnati 1, 

10 


R. W. Ackermann, Secretary; Ameri- 
can Tel, Tel. Co., 138 East 
Court Street, Cincinnati, Ohio 


PO aay 


Frank E. Costanzo, Director, 253 
Ryan Drive, Pittsburgh 20, Penn- 
sylvania 

J. D. Bird, Chairman; The Dampney 
Company, 50 Business St., Hyde 
Park, Boston 36, Massachusetts 
E. L. Simons, Vice-Chairman; Gen- 
Electric Company, Research Labo- 
ratory, P. O. Box 1088, Schenec- 
tady, New York 
. P. G. Beiswanger, Secretary-Treas- 
urer; General Aniline and Film 
Corp., 720 Coleman St., Easton, 
Pennsylvania 

@ Baltimore Section 

William J. Mayer, Chairman; A. M. 
Byers Company, 7 St. Paul Street, 
Baltimore 2, Maryland 


Curtis H. Elliott, Jr., Vice-Chairman; 
Davison Chemical Company, Divi- 
sion of W. R. Grace & Company, 
Curtis Bay Baltimore 26, 
Maryland 

A. Clifton Burton, Secretary-Treas- 
urer; Research Laboratories, Armco 
Steel Corp., 3400 East Chase Street, 
Baltimore 13, Maryland 


@ Central New York Section 

Orrin Broberg, Chairman; Lamson 
Corporation, Syracuse, New York 

L. Andrew Kellogg, Vice-Chairman; 
Niagara Mohawk Power Corp., 300 
Erie Boulevard West, Syracuse 2, 


Plant, 


Charles E. Ward, Secretary-Treasurer, 
3 Data St., Syracuse, New 
or 


@ Genesee Valley Section 

A. S. Levy, Chairman; The Pfaudler 
Company, 1000 West Avenue, Roch- 
ester 11, New York 

Paul T. Lahr, Vice-Chairman; Goulds 
Pumps, Inc., P. O. Box 330, Seneca 
Falls, New York 

John V. Adkin, Sec.-Treas.; Roches- 
ter Gas & Electric Corp., 89 East 
Avenue, Rochester, New York 


® Greater Boston Section 

Edward C. Rue, Chairman; Boston 
Edison Company, 182 Tremont 
Street, Boston 12, Massachusetts 

Wayne H. Keller, Vice-Chairman; 101 
Devonshire Road, Waban 68, Massa- 
chusetts 

Manson Glover, Secretary-Treasurer; 
Glover Coating Company, Inc., 215 
Pleasant St., Stoughton, Mass. 


@ Kanawha Valley Section 

R. G. Schroeder, Chairman; Standard 
Ultramarine & Color Co., P . Box 
2166, Huntington, West Virginia 

L. T. Moore, Vice-Chairman; Ten- 
nessee Gas Transmission Co.; Box 
546, Catlettsburg, Kentucky 

William Tufts, Treasurer; Ashland 
Oil & Refining Company, 1401 Win- 
chester Avenue, Ashland, Kentucky 

J. E. Brooks, Secretary; Ashland Oil 
& Refining Company, 1401 Win- 
chester Avenue, Ashland, Kentucky 


@ Lehigh Valley Section 

Edmund A. Anderson, Chairman; 
New Jersey Zinc Co. (of Pa.), 
Palmerton, Pa. 

Kenneth R. Cann, Vice-Chairman; 
Ingersoll-Rand Co., Phillipsburg, 
N 


Mice 

William H. Rutter, Secretary-Treas- 
urer; Electro Chemical Eng. & 
Mfg. Co., 750 Broad Street, Em- 
maus, Pa, 


@ Metropolitan New York Section 


S. W. Shepard, Chairman; Chemical 
Construction Corp., 525 West 43rd 
Street, New York 36, N. Y. 

N. N. Ehinger, Vice-Chairman; Alu- 
minum Company of America, 230 
Park Ave., New York 17, N. Y. 

A. F. Minor, Secretary-Treasurer; 
American Telephone & Telegraph 
Co., 195 Broadway, New York 7, 
ew 

@ Niagara Frontier Section 

E. H. Caldwell, Chairman; Oldbury 
Electrochemical Co., 5001 Buffalo 
Avenue, Niagara Falls, N. Y. 

W. A. Szymanski, Vice-Chairman; 
Hooker Electrochemical Co., P. O. 
Box 344, Niagara Falls, N. Y. 

H. A. Anderson, Secretary-Treasurer; 
Carborundum Metals Co., Inc., 
P, O. Box 32, Akron, N. Y. 


@ Philadelphia Section 

S. F. Spencer, Chairman; Keystone 
Shipping Company, 1000 Walnut 
Street, Philadelphia 7, Pa. 

Walter W. Burton, Vice-Chairman; 
General Chemical Division, Allied 
Chemical & Dye Corp., Camden 3, 
New Jersey 

Robert S. Mercer, Secretary-Treas- 
urer; Pennsalt Chemicals, P. O. 
Box 4388, Chestnut Hill P. O., 
Philadelphia, Pa. 

(Continued on Page 8) 
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Using impressed current anodes ? 





" 








A test of relative current output in 
salt water was made using a NA Graphite 
Anode and a high silicon iron anode of 
identical dimensions connected in parallel 
and operated at a current density in the 
range of two to four amperes per square 
foot. Once readings had stabilized, the 
NA graphite anode carried 4.2 amperes, 
the high silicon iron anode only 2.0 am- 
peres, with the same voltage applied to 
each. Interchanging the position of the 
test anodes had no effect on the readings. 
For a complete installation operated 
under these conditions, this indicates a 
power cost for graphite anodes of less 
than 14 that for high silicon iron anodes. 
This is over and above the savings ob- 
tained through the longer life and lower 
first cost of “National’’ NA Graphite. 
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TIONAL 


TRADE-MARK 


GRAPHITE ANODES ARE BEST! 


Consumption of “National” NA Graph- 
ite Anodes used for cathodic protection of 
an active sea-going tug was less than 1,” 
in five years at a current density of 15 
amperes per square foot — or approxi- 
mately 0.02 lbs./amp. year! Reported con- 
sumption at only one-half this current 
density of another recommended material 
for marine service is 1.3 lbs./amp. year — 
or 65 times that of NA Graphite. 


















The terms “National” and “Union Carbide” are registered trade-marks eh iied. 


of Union Carbide Corporation 


CARBIDE 





NATIONAL CARBON COMPANY =: Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco 





¢ IN CANADA: Union Carbide Canada Limited, Toronto 
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(Continued From Page 6) 7 *. es re ees R. V. James, Vice-Chairman; Uni- @ Rocky Mountain Section 
a idge Nationa aboratories, versity of Oklahoma, Norman, : : : 
@ Pittsburgh Section Union Carbide Nuclear Co., Div. Oklahoma fie ee ae eek 
A. B; McKee, Chairman: Alcoa: Re- a _— —— Pi 5 =~ Dan H. Carpenter, Trustee; Aquaness Ditawere Greet, Denver, Colorado 
search Laboratories, Freeport Road Pain eee re = ae Dept.,_ Atlas Powder Company, payl W. Lewis, Vice-Chairman, Bu- 
New Kensington, Pennsylvania , — ha Box 8521, Oklahoma City 14, reau of Reclamation, Building 56, 
S. H. Kalin, Vice-Chairman; U. S. @ Jacksonville (Fla.) Section 3 —, Federal Center, Denver, 
Steel Research Lab., Monroeville, , ws fe hoe as o20Taao i 

Pe Aeon Arthur B. Smith, Chairman; Amer- @ & Christi Secti Herbert L. Goodrich, Secretary-Treas- 

ennsylvania : ‘ ar > 9077 orpus Christi Section : ’ 
: z coat Corporation, P. O. Box 2977, a ‘ . urer; American Telephone & Tele- 
R. W. Maier, Secretary; Gulf Oil Jacksonville, Fla. Hugh Wilbanks, Chairman; Cathodic graph Company, 810-14th Street 
Corp., 4th floor, Gulf Bldg., Pitts- Charles Carlisle, Vice-Chairman; In- Protection Service, 1522 S. Staples Denver, Colorado ' 
burgh 19, Pennsylvania dustrial Marine Service Co., Inc., St., Corpus Christi, Texas Karl S. Hagius, Trustee; Colorado 
C. L. Dey, Treasurer; Koppers Com- P. O. Box 3641, Station F, Jackson- Kenneth Ray Sims, Vice- ee Interstate Gas Company, P. O. Box 
Blde.. Pitts- ville, Fla. en —s a ae 1087, Colorado Springs, Colorado 


pany, Inc., Koppers. 
> 


urgh 19, Pennsylvania John Hancock, ee i C Phi T 
Electric & Water Utilities, City o -Orpus risti, Lexas a A 
© Schenectady-Albany-Troy Section Jacksonville, Utilities Bldg., 34 S. William Taylor, 'Secretary-Treasurer; © Sabine-Neches Section 
Laura Street, Jacksonville, Fla. City of Corpus Christi Gas Depart- A. V. Wafer, Chairman; Ohmstede 
ment, P. O. Box 1622, Corpus Machine Works, P. O. Box 2431, 


R. T. Foley, Chairman; General Elec- 


tric Company, General Engineering BS i Ch isti. Texas Beaumont, Texa 
Laboratory, Room 2083, Bldg. 37, : oo ar Chai -Rlona Fred W. Goda. Trustee; Johns- Paul McKim, Vice-Chairman: Socony- 
Schenectady, New York i a wa i 3100, Manville Sales Corp., 401 N. Tou- Paint Products Company, P. O. Box Ff 
H. A. Cataldi, Vice-Chairman; Gen- Miami 30. Florida * mbledaicss. cahua St., Corpus Christi, Texas 2848, Beaumont, Texas i 
—_ Plectric Pgs onsil am, HG. “Penchelat. - VicesChainman: A jn ee ; 
York iver oad, Schenectady, New Southern Bell Tele phone & Tele- @ East Texas Section 501, pe hele Texas a ° ’ 
Ba : ; 4 graph Co., 36 N. E. Second St., P, E. Happel, Chairman; Sun Oil 
J._F. Quinlan, Secretary-Treasurer, Miami, Florida Company, P. O. Box 472, Kilgore. E. N. Coulter, Trustee; Cities Sevice 
ae Charleston Road, Burnt H. B. Sasman, Secretary-Treasurer; Texas Refining Corp., Basic Refinery Lab- 
Hills, New York Sasman Enginering Co., P. O. Box Gene E. Smith, Vice-Chairman; Lone oratory, Lake Charles, La. 
© South N eticnd Rants 452, Miami, Florida Star Steel Company, Lone Star, = ‘ 
Southern New England Section Texas © Shreveport Section 
D. H. Thompson, Chairman; Ameri- ®@ Ohio Valley Section E. L. Chapin, Secretary; Pan Amer- —. H. Sullivan, Chairman; United 
can Brass Company, Corrosion Re- RR, §S. Dalrymple, Chairman; Engi- ican Petroleum Corporation, Box Gas Pipeline Co., 9302 Thornhill, 
search Laboratories, Waterbury 20, neering Services Dept., Reynolds 2069, Longview, Texas Shreveport 62, 
Conn. Metals Co., P. O. Box 1800, Louis- a —_—. Tremere: bi Pipe LL. B. cK Vice" ‘Chairman; Setar 
E. A. Tice, Vice-Chairman: The In- aT Ky sine Company, : . Ox ffi, state Oi ipeline Company, 
ternational Nisheh Company, tnc., J. Smith, Vice-Chairman; Metal- Joinerville, Texas : Box 1107, Shreveport, La. | 
75 Pearl St., Hartford, Conn. rien & Ceramics Laboratory, Ap- J. C. Orchard, Trustee; Cardinal L. B. Irish, Secretary; Irish Engineer- 
Archer BR: Eamilé Geovetand st ihas pliance Park, Room 249E, Bldg. 5, Chemical Company, P. O. Box 54, ing Srvice, 760 Dodd St., Shreve- 
| ieaaearen ; tt One C aa Gene - Electric Yompany, Louis- ,ongview, Texas port, La. 
scnes The "Herstocd Gas Ccsepaner, 4 ic Comp Loui U i T L 
233 Pearl, Hartford 4, Conn. : ville, . . J. D. Stone, Treasurer; Suny Mid- 
J.C. ale Secretary-Treasurer; © Houston Section Continent Oil Company, P . O. Box 
188, Benton, La. 


ee , Gas Transmission Corpora- J, T, Payton, Chairman; The Texas 


tion, O. Box 57 






Pipeline, P. O. Box 1407, Shreve- | 





Box 1743, Atlanta 1, Georgia F. A. MacDougall, Vice-Chairman; 


ed 4 Pies > i 
@ Atlanta Section EI as vee me igh “a aoe P. O. Box 193, @ Tulsa Section 


Frederick A. Prange, Chairman; 





Christopher Georges, Chairman; Pipe 7 William L. Vorhies, Secretary-Treas- Tis ue 
Line Service Corp., 1734 Candler urer; Freeport Sulphur Company, jcait Ga enn 
Bldg., Atlanta, Ga. H. E. Waldrip, Director; Gulf Oil Port Sulphur, La. O. W. Everett, Vice-Chairman; Okla- 

Joseph A. Lehmann, Vice-Chairman; Corporation, 5311 Kirby Drive, Lee N. _Spinks, Trustee; Cathodic homa Natural Gas Company, Box 
Electro Rust Proofing Corp., 3 Houston, Texas Protection Service, 1634 Robert 871, Tulsa, Okla. 

Rhodes Center, N. W., Atlanta, Ga. Jack P. Barrett, Chairman; Pan Street, New Orleans 15, La. Parke D. Muir, Secretary; Dowell, 

C. Jay Steele, Secretary-Treasurer; American Petroleum Corporation, ae Inc., Box 536, Tulsa, Okla. 
Anti-Corrosion Mfg. Company, Inc., P. O. Box 591, Tulsa, Oklahoma ® North Texas Section Roger J. Norris, Treasurer; Koppers 
1008 Crescent Avenue, N, E., At- . C. Spalding, Jr., Vice-Chiarman; Howard Greenwell, Chairman; Pro- Company, Inc., 310 Thompson 

‘ : : Ss : Building, 20 E. Fifth S Tul 
lanta 9, Ga. Sun Oil Company, Box 2880, Dal- duction Profits, Inc., 8912 Sover- Okla. ing, <0 E, Fitth Street, Lulsa, 

@ Birmingham Section las, fexns JOBE Dallas, Texas ; T. D. Williamson, Jr., Trustee; T. D. 
; 3 3 J. A. Caldwell, Secretary-Treasurer; Glyn Beesley, Vice-Chairman; Dallas Williamson, Inc.. P. O. Box 4038 

8. A. on, ee: re & . Humble Oil & Refining Co., Box Power - Lieet Co., 1506 Com- ‘Tula 9 Ohiahona ; 

iv., U. S. Steel Corp., Electrica 2180, Houston, Texas merce St., Dallas, Texas =e 

: Lab., Sheet Mill, Fairfield, Alabama w, Ff. Eneiil...Nics Manin reas- Ralph Petty, Sec.-Treas.: Sinclair ew K: Secti 

E. M. Griffin, Vice-Chairman; South- urer; United Gas Pipeline, P. O. Pipe Line Company, 901 Fair Bldg., ee Dn 
= Bell a & Co., 316 Box 1407, Shreveport, Louisiana Fort Worth, Texas " L. nae. ean: es 

a ee irmingham, John W. Nee, Trustee-at-Lar Be ee 1 
s << arge; ye ss ; 

F on kenshi ae See Pees os 3713 @ Panhandle Section oH Seca, Sek ae teas 
: ons secretary- Acnes Stree : ricti " . Je . . ’ 7 ; 
"eemaeiae® Gated Hen REE Seen ee Christi, om Temporary Officers Corrosion Rectifying Co., R. R. 2, 
Co., Box 2563, Birmingham, Ala-  @ Alamo Section A.C. Levinson, Chairman; Phillips Great Bend, Kansas ; 
bama : Petroleum Co., P. O. Box 327, W. C. Koger, Trustee; Cities Service 

LB MAF — rn , o Phillips, Texas Oil Company, re Service Build- 

@ Carolinas Secti acring 0. Ox / Fe Ras, Nc a aces ing, Bartlesville, Okla. 

Carolinas Section Harlandale Station, San Antonio, ales nines. > rye henge A Pe- 5 . 

J._H. Paylor, Chairman; Plodasont Texas PO B 307 eee aber 

Natural Gas Company, 23 6S Zane Morgan, Vice-Chairman; Texas Oe ee 


a Charlotte, a Acidizers, P. O. Box 47, Seguin, © Periiten asa Sesion WESTERN REGION 





Texas 
J. Y. Robinson, Vice-Chairman; In-  R; L. Ashley. S tary-Treas- H.W. Gray, Chairman; Sivalls Tanks 
dustrial Piping Supply Company, Geer, th ‘aiend a ee Une nom. Inc., P. O. Box 1152, Odessa, 
P. O. Box 10218, Charlotte, N. C. pany, P. O. Box 421, San Antonio, Texas 
-? Livingstone, Secretary-Treasurer, Pans ~ ee ane Vice-Chairman; Robert H. Kerr, Director; Southern 
sivingstone Coating Corporation, Carl M. Thorn. Trustee: Southwest- ‘ontinental Oil Co., P. O. Box 431, California Gas Company, 4 
P. O. Box 8282, Charlotte, N. C. ora Sel Daleiene Commer. FO. Midland, Texas Box 3249 Terminal Annex, Los 
© East T. ‘ Box 2540, San Antonio, Texas Roscoe Jarmon, Second Vice-Chair- Angeles 54, California “ 
‘ast Tennessee Section man; Cardinal Chemical Company, |. E. Magoffin, Chairman; Califor- 
James A. McLaren, Chairman: Oak ® Central Oklahoma Section P. O. Box 2049, Odessa, Texas nia Water & Telephone Company, 
Ridge National Laboratory, Div. of _E. G. Stevens, Chairman; Dowell, Marion Biober, Secretary-Treasurer; e , Huntington Dr., San Marino, 
Union Carbide Corp., P. O. Box P, Inc., P. O. Box 209, Norman, Okla- Atlantic Refining Co., P, O. Box a 


Oak Ridge, Tennessee homa 871, Midland, Texas (Continued on Page 10) 
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, 423 W. Third “Company, P. O. Box 2332, Hous- W. F. Levert, Trustee, United Gas "9 


St., ae sboro, Ky. ton, Texas t ; 
ss Siedisciatiin' aii W. A. Wood, Jr., Vice-Chairman; Baebes a 
SEEWaLEE HOCTR 8827. Chatsworth Street, Houston | 
Richard W. Hamel, Jr., Chairman; 24, Texas @ Teche Section | 
o Fa Bas . Commonwealth } Natural Gas > C. B. Tinsley, Secretary-Treasurer; ©, L. Bassham. Chairman; Tretolite | 
John B. West, Director, Aluminum Son" Z$40, Richmond, Virginia” Souihwertary’ Bel Telephone Com: OCompeay NO) Seavert Gates Le | 
Haverty Building, Atlanta, Georgia George R._ Lufsey, ee any, 1119 Capitol Avenue, Room fayette, La. \ 
kethur B. Goith. Chai c haa Virginia Electric & Power Co., Box 001, Houston 2, Texas 7 F. Shofner, Vice-Chairman; Aqua- 
‘cman Cas ea PO. Box 2977, 1194, Richmond, Virginia Charles L. Woody, Trustee; United ness Corp., 101 Berkley Street, 
Jacksonville 3, Florida 977) Murray 8. Spicer, Secretary-Treas- fiat Corporation, F. O. Box 2628, | Lafayette, La. 
| ee h Fri F F urer; The Chesapeake & Potomac ouston ¢, Texas Frank L. Rhoades, Jr., Secretary- 
aoe a rink, Vice-Chairman; Flor- Telephone Company of Virginia, Treasurer; Otis Pressure Control, 
sae ton. ane — Co., P. O. Box 703 East Grace Street, Richmond, @ New Orleans-Baton Rouge Section Inc., P. O. Box 515, New Iberia, La. 
J ae aoe : Virginia O. L. Grosz, Chairman; The Cali- George M. Harper, Trustee; Union 
G. M. Jeffares, Secretary-Treasurer; fornia omnpeny, (2 ©. Bax 128 Oil Company of California, Box 
Je ; r : ; a Company, P. O. Box 128, ; 
Plantation Pipe Line Co., P. O. Harvey, La. 421, Abbeville, La. 
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Condenser efficiency can be materially increased by 
removing deposits accumulated in operation. Metal can 
be protected by using ACP Rodine to inhibit acid sol- 
vents in cleaning. 


































! 


FEF VOMAG secinaietiusr ints niteeh edie 


i) IN THE CLEANING OF INDUSTRIAL EQUIPMENT, TANKS 


a ice Sa 


Ast nth ede 


AND PIPING SYSTEMS 


Make sure that your equipment is protected against most acid solvents used in industrial cleaning opera- 
acid attack during cleaning—specify ACP Rodine tions. Rodine can be advantageously applied in any 


for inhibiting the acid solvents used to dissolve and type of carbon or low-alloy steel equipment. 
disintegrate the troublesome deposits which reduce 

the efficiency of boilers, heat exchangers, cooling Write for complete information today. And re- 
systems, condensers, etc. ACP Rodine is water sol- member our technical sales engineers will be glad to 


uble, liquid foaming—a strong inhibitor and a strong discuss your problems with you, and make specific 
detergent. It provides an excellent safeguard with recommendations. 





Manual cleaning operations—like the one shown above ACP Rodine is also used to inhibit corrosion in sweet wells, 
—require more labor, take more time, are much less effective condensate wells, and secondary recovery operations. It’s 
than chemical cleaning with ACP Rodine-inhibited solvents. economical, too, costs only pennies a day. 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 40, Pa. 


DETROIT, MICH. s ST. JOSEPH, MO. * NILES, CALIF. 3 WINDSOR, ONT. [PROCESSES 





New Chemical Horizons for Industry and Agriculture 
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36 Companies to Exhibit s i ’ 
NIKE aerakee Regional and Sectional Officers 


The South Central Region Exhibition 
at the Oklahoma City Municipal Audi- (Continued From Page 8) @ Los Angeles Section 
torium October 1-3 will feature the J. S. Dorsey, Chairman; Southern 
a Lae ¢ 5 eee E. H. Tandy, Vice-Chairman; Stand- ; 
products and services of 36 companies. ard Oi Gowmaav’ of California, —— Gas Company, Box 5249, 
Chis makes it approximately equal in p-. < O. Box 3, Ei unde, O = -s ° : 
ize > OF : exhibiti > Z ‘ rmbruster, wo reas- 5 A os 
size to the temional exhibition held at ats: tee Mas et eee C. E. Hedborg, Vice-Chairman; 
San Antonio in 1956. Company, P. O. Box 1831, San Union Oil Company of California, 
In addition to those listed in earlier Diego 12, Cal. ee a ee Set oe 
issues of Corrosion, the following firms @ Central Arizona Section J. Glen Lacy, Secretary-Treasurer; 


exhibited: David F. Moser, Chairman; El Paso Amercoat Corporation, 4809 Fire- 
Natural Gas Company, P. O. Box stone Boulevard, South Gate, Cal. 

Brance-Krachy Company, Inc., Houston, Texas 1630, Phoenix, Arizona 

Cook Paint & Varnish Company, Kansas City, Russell Jackson, Vice-Chairman, @ Portland Section 

py ' een Pr Rust-Proofing, Inc., P. O. Box Norman H. Burnett, Chairman; 230 

The Holcambe (¢ ompany, Shreveport, Louisiana 1671, Phoenix, Ariz. South 187th St., Seattle 88, Wash- 

South Central Region of NACE Roy P. Osborn, Secretary-Treasurer; ington. 

Southwestern Plastic Pipe Company, Mineral Mountain State Tel. & Tel. Com- R Ss Baynham, Vice-Chairman; 10495 
Wells, Texas pany, Box 2320, Phoenix, Arizona Tit hws, Partead 1, 


Oregon 


William R. Barber, Jr., Secretary- 

% Treasurer; Electric Steel Foundry, 
2141 N.W. 25th Ave., Portland, 
Oregon 


@ Puget Sound Section 
Py Mark W. Battersby, Chairman; Kirk 


Engineerin Company, 205 Lloyd 
Building, Seattle 1, Washington 
Robert T. Mercer, Vice-Chairman; 
Robert T. Mercer Inc., 2121 Queen 
Anne Avenue, Seattle, Washington 
—, ee eran eet; 
‘pe. BMMBETOR f ell Oil Company, P. O. Box 700, 
™ Tasty nth any Totti Hn I ah Tayi Anacortes, Washington 


tit 


TO CALCULATE INHIBITOR BASED OM MAKE UP @ Salt Lake Section 
ey eee, eee ee aoe: Se John P. Reeves, Chairman; Reeves & 
ee Company, 334 West 17th South, Salt 

TO CALCULATE INHISITOR FOR SINGLE CHARGE come Lake City, Uta 
sig eee VO nee L. G. Haskell, Vice-Chairman; Salt 
Lake Pipeline Co., P. O. Box 117, 
“7 f Salt Lake City, Utah 
; Frank L. Pehrson, Secretary-Treas- 
urer: Kennecott Copper Corp., 
5 ~~ Box 1650, Salt Lake City, 
ta 


@ San Diego Section 


Dan Nordstrom, Chairman; The Gates 
Rubber Company, 3616 Arizona 
Street, = Diego 4, Cal. 

L. L. Fior, Vice-Chairman; 1036 Les- 
lie Road, El Cajon, Cal. 

Kenneth R. Christy, Secretary-Treas- 
urer; Federal Housing Administra- 
tion, 601 “fA”? Street, Room 201, 
San Diego 1, Cal. 


@® San Joaquin Valley Section 

R. I. Stark, Chairman; Pacific Gas 
and Electric Company, Dept. of 
Pipe Line Operations, P. O. Box 
3246, Bakersfield, Cal. 


. for Efficient Cooling Water Operation Seen ter 


Davis, Secretary Treasurer; 


™ superior Oil C any, P. O. Box 
Bakersfield, 


USE IT WITH OUR COMPLIMENTS to help you keep your 
cooling water system operating with day-to-day efficiency. @ San Francisco Bay Area Section 


. . : James K, Ballou, Chairman; Standard 
Developed by Wright Engineers, the new calculator will U6 Coumeer of take 2s 


quickly answer these problems: Bush St., San Francisco, Cal. 
3. Dotson, Vice- Chairman; Rock- 


e Evaporation rate. @ Determine Make-up rate. well Mig. Co.. Nocdstross Valve 
e Amount of inhibitor required — based on Make-up. Cal.” ee ae ee 
e Amount of inhibitor required for single charge. . 3. eee, See ae 
e Amount of acid addition required. Street, Alameda, Cal.” 
We know you'll find the new calculator a valuable aid in your é 3 
work — and, of course, a Wright Engineer will gladly survey National Chemical Show 
your water system and submit a comprehensive water condi- Scheduled at Chicago 
tioning program. Without obligation. eer yo ee ee ath 
The Wright Calculator will be sent free to water treating ti Che Penth National Chemical Exposi- 
z A ‘ “ . ion, sponsored by Chicago Section, 
engineers and others responsible for protection of water systems. American Chemical Society will be held 


Please send your request on a company letterhead to: September 9-12, 1958 at the Interna- 
tional Amphitheater in Chicago. This 
coincides with the 134th national meet- 


WRIGHT CHEMICAL CORPORATION ing of the American Chemical Society 


a 

a | | GENERAL OFFICES AND LABORATORY 619 W. LAKE ST., CHICAGO 6, ILL. there. 
Offices in Principal Cities 

altel ey (Havana, Cuba; Domenech & Co., S. A., 405 Obrapia) A list of available reprint copies of tech- 

« SOFTENERS, FILTERS AND OTHER EXTERNAL TREATING EQUIPMENT nical reports and articles from CORRO- 

NELSON CHEMICAL PROPORTIONING PUMPS SION is available on request. 
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PLICO | PLICOFLEX 
Insulated SPACERS § _LAminaten PIPELINE 


PROTECTIVE COATINGS 


Meet Every Pipeline | Provide Factory 
installation Requirement | Controlled Quality 
For Permanent Support in Your Field 

And Insulation | Application 


MOLDED INSULATING 
CASING SPACERS 


STEEL INSULATING 
CASING SPACERS 





Laminated 
Pipeline Coatings 
"The modern protection method” 








& 
® 
* 
<li sas ; , 
Plico Molded Spacers and The resilience of Plicoflex Laminated 
Tape Coating reduces back filling damage. 
And the Cold Flow of the Buty] 


fills irregularities 


Plico Steel Spacers have become the 
accepted quality standard of the pipeline 


industry. Plico maintains leadership and prevents moisture damage. 
in this field by manufacturing the 
. pad This is our primary interest—not 
broadest variety of pipeline 


installation products and materials. 


TRADE 
MARK 


a by-product of other interests. 
Write for 
Osi- Descriptive Literature 


V\COFLEX 


ield Descriptive Literature 


na- PIPELINE COATING | 


‘his 


| & ENGINEERING CO., INC. PLICOFLEX, INC. 


ch: 5501 SANTA FE AVENUE, LOS ANGELES 58, CALIFORNIA 5501 SANTA FE AVENUE, LOS ANGELES 58, CALIFORNIA 


os a Telephone —LUdlow 3-4741 © Teletype LA 189 Telephone —LUdlow 3-4741 © Teletype LA 189 
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e The life of this titanium 70-tube condenser assembly, now handling 
60% nitric acid at 195° C. and 180 psi, is estimated to exceed 10 years. 


Stainless 30 to 1 handling nitric acid 


Corrosive vapors of 60% nitric acid gnawed through an average of 
three stainless-steel tube bundles a year in a chemical firm’s condenser. 
Maintenance and replacement costs were running as high as $18,000 
a year. Then titanium tubes were installed. Based on a service life of 
10 years, titanium will save at least $162,000 in maintenance and 


replacement costs. 


TITANIUM~—available now for long service 
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Titanium condenser tubes expected to outlast | 
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life... corrosion resistance ...economy in use 


4 ANNUAL REPLACEMENT COST (CUMULATIVE) 
ale TUBE BUNDLES 























Proven economies licen! TITANIUM VS STAINLESS STEEL 
Titanium is actually the least expensive metal 
you can use under many corrosive influences. 
Titanium withstands conditions that reduce the 
service life of ordinary metals . . . assures mini- 
mum downtime of equipment, fewer replace- . 
ments. 8 
Titanium offers the economy of long, trouble- Z 
free service when exposed to such corrosive a 
environments as: = 
< 
Salt Water Most Inorganic Chloride 
Marine Atmospheres Solutions 
Nitric Acid Molten Sulfur 
Wet Chlorine Chromic Acid 
Chlorinated Organic Aqua Regia 
Compounds Hypochlorites & Chlorine 
Dioxide <a Ist 2nd 3rd din Sen 


YEARS 
*Excludes depreciation allowance; includes labor and maintenance. 


TITANIUM— available today INITIAL AND ANNUAL REPLACEMENT COSTS of titanium and stainless tube 


bundles are compared above. Initial cost of the titanium tube bundle, shown 
at left, is $8,800, vs: $6,000 for stainless. But note how the $2,800 difference 


Titanium is now readily available for non- is absorbed within 4 months of service (Point A). Savings are approximately 


defense applications. Through research and $81,000 after 5 years . . . $162,000 after 10 years, the expected service life 
technical developments by process-equipment of titanium tubes. 


manufacturers and mill-product producers in 
cooperation with Du Pont, standard parts can 
now be made to specifications. Titanium equip- 
ment is already solving severe corrosion prob- 
lems in a number of industries—chemical, food, 
pulp, paper and allied industries. 


In your process-development work, take full 
advantage of the corrosion and cavitation resist- 
ance, light weight and high strength of titanium 
... important considerations for continuous flow, 
high temperature and pressure processes. For 
further information, get in touch with Du Pont. 
a § And be sure to mail coupon below for an inform- 
ative booklet about titanium —its properties and 
applications. E. I. du Pont de Nemours & Co. 
(Inc.), Pigments Department, Titanium Market 
Development Section, Wilmington 98, Del. 





t 


PIGMENTS DEPARTMENT 


js 





NOW AVAILABLE, titanium parts and fittings like this 
4” gate valve, chemical pump and centrifuge can be 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY made to your order by process-equipment fabricators. 


REG. U.S. PAT. OFF 


If you have a corrosion problem and need additional information, mail this coupon for titanium booklet. 


Ne 
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| . ‘ a E. |. du Pont de Nemours & Co. (Inc.) 
 -Finase send sne: more intonation Titanium N-2420-25, Wilmington 98, Delaware 

| on titanium. I am interested in 
| evaluating titanium for these ; 

| applications: NOI I incesnisnintanansitnsianacansiaasiaaitntinaniisianisiaisinnnteailan ae | 
Firm. | 
Address 
| il hi aa ee ere City Zone-_. State : 5 | 
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CORROSIONEERING with LAMINAC® 


Reinforced 
plastic jacket 
combats 
underground 
corrosion 


Weighs less, costs less, lasts 
longer than conventionally 


jacketed conduit 


Polyester Resins 


So light that it can often be handled by one man, LAMINAC-jacketed Temploc con- 
duit is well protected against underground corrosion in steam and hot-water systems. 


Strong jackets of glass cloth and Laminac Polyester Resin 
combat corrosion in new Temploc prefabricated, insulated 
conduit for underground steam and hot-water systems. 


The reinforced Laminac shell is built up of two plies of 
cloth and resin over a sheath of kraft paper. Insulation is 
sealed and vapor-proofed at time of manufacture by bond- 
ing the outer protective shell directly to the bare pipe. 
Insulation remains dry and undamaged during installation 
even in rain-filled ditches. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 


31 Rockefeller Plaza, New York 20, N. Y. 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


Offices in: Boston - Charlotte - Chicago + Cincinnati - Cleveland - Dallas - 
Oakland + Philadelphia + St. Louis - 


Los Angeles - New York - 


Unaffected by moisture or the soil’s corrosive electrolytic 
action, reinforced LAMINAC gives protection superior to 
conventional steel or tar coatings. It costs 20% less than 
steel, weighs about 50% less than steel and 25% less than 
tar coatings. The light weight of reinforced LAMINAC cuts 
shipping and handling costs and speeds installation with- 
out sacrifice of strength. 


For information or assistance in meeting your corrosion 
problems, get in touch with Cyanamid. 


Flastics 
and Resi 


Division 


Detroit 


Seattle MATE 
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does rod and tubing corrosion cost you? 
+ . . 

a Every time you pull rods and tubing, corrosion is cutting into your 
profit . . . not only in direct costs for labor and materials, but in lost 
production that you may never recover. 

Stop losses with Cronox inhibitors 
A small investment in corrosion prevention can pay off in big savings. 
Start the right program now—by having an Aquaness man study the 
? corrosion problems of your well. He’s thoroughly familiar with ways to 
tic tackle every kind of well—flowing, pumping, condensate; with and 

to without packers; high water or low. He has a line of CRoNox inhibitors 

1an that cover every combination of well requirements. And he knows how 

sia to put them to work for you, by setting up and implementing a test 
program that determines which CRONOox product best fits your well, 
= and that checks performance on a regular schedule. 

ith- ; , 

Call your local Aquaness representative for a consultation 
on your specific corrosion problems. 

ion 





Write for a copy of the new booklet, 
"CRONOX Corrosion Inhibitors” 













Aquamess 


ATLAS POWDER COMPANY 
2005 Quitman Street, Houston 26, Texas 
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TE TATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


is a non-profit, scientific and research association of individuals 
and companies concerned with corrosion or interested in it, whose 
objects are: 


(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(a) To provide forums and media through which experiences with corro- 
sion and its prevention may be reported, discussed and published for 
the common good. 


To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for its 
prevention. 


To correlate study and research on corrosion problems among technical 
associations to reduce duplication and increase efficiency. 


To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 


) To contribute to industrial and public safety by promoting the preven- 
tion of corrosion as a cause of accidents. 


) To foster cooperation between individual operators of metallic plant 
and structures in the joint solution of common corrosion problems. 


To invite a wide diversity of memberships, thereby insuring reciprocal 
benefits between industries and governmental groups as well as between 
individuals and corporations, 


It is an incorporated association without capital stock, chartered under 
the laws of Texas. Its affairs are governed by a Board of Directors, elected 
by the general membership. Officers and elected directors are nominated by 
a nominating committee in accordance with the articles of organization. 
Election is by the membership. 

Inquiries regarding membership, and all general correspondence should 
be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main. Street, Houston 2, Texas. 


. H. STEWART 
L. L. WHITENECK 
A. L. STEGNER 
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Representing Corporate Membership 
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7-59 By W. F. OXFORD, JR. 
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5-58 
7-60 HE USE of fiberglass epoxy armor- nally coating flow couplings and tubing tion, the armoring of the mandrels be- 
ing to prevent corrosion and erosion used in the critical area in the following tween the lugs has been a satisfactory 
has come to the front in the oil produc- manner: procedure. The coating system for man- 
tion field. The uses to date have been in oie cial drel armoring is the same as that used 
7-60 connection with (1) dual completion pe San Sees ae in flow couplings in dual completion 
wells, (2) gas lift valve mandrels, and 2. Three servings (half-lap) of 10 wells: 
6-59 ies = zone protection on offshore mil fiberglass cloth saturated with Figure 2 is a photograph of the epoxy 
Speers as epoxy resin. resin-fiberglass armored mandrel. 
5-58 Dual Completion Wells 3. One finish coat epoxy resin. Upon 
In a dual string-dual completion well, completion, the epoxy- fiberglass Splash Zone Protection 
5-58 part of the deeper producing string is 7 aS RAGGA ae Well guards protecting offshore wells 
in a — hana oo 18 ex- a eee are being successfully protected against 
se 2 : 1€ erosive, e . 5 Be ie ; SE eget esa 
erie Ca an. ri cnt ferne ‘tin Figure 1 is a cross section of oil field corrosion by the epoxy resin-fiberglass 
: : : ~ tubing showing the thickness of the armoring in the splash zone. The coat- 
upper producing zone. png aes ‘ = i i 
ino) callous hin eames aa re ee ing application is usually applied three 
7-60 o alleviate this condition, severa Miers ten daomihs emeenre im we lisa aiiibieian ad sas dent: Seta it 
operators have placed flow couplings * 6 ean Ree . ee ee 2S SS a ee ee 
externally coated with lead, rubber and different wells, an inspection of the Gulf Level. This system is easily ap- 
7-60 ae te, ee armored flow couplings revealed no plied to the piping structure. The appli- 
other substances, in the vital area and damage 
a. ea ae fatceen wishin ate . sc: cation price 1s approximately one-third 
59 lave reported some tailures within six that of armoring with some of the more 
months exposure. Gas Lift Valve Mandrels corrosion-resistant metals. 
It has been the practice of an oil com- Gas lift valve mandrels in many cases Figure 3 is a photograph of a well 
9-59 pany to combat this problem by exter- are subject to destruction by erosion guard which has been armored in the 
eee and/or corrosion if valve failure occurs. splash zone with the epoxy resin-fiber- 
59 * Sun Oil Company, Beaumont, Texas. In order to prevent mandrel destruc- glass system. 
-58 
tee 











Figure 1—Typical cross section of oil field tubular 
goods showing epoxy resin-fiberglass armoring used 


on parallel string dual completions. 





Figure 2—Gas lift valve mandrels with epoxy resin- 
fiberglass armoring to prevent erosion in the event 
of gas lift valve failure. 


oT 
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Figure 3—-Splash zone protection utilizing epoxy 


resin-fiberglass armoring on offshore well guard. 
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Artificial Insulating Joints for 


Stray Current Mitigative Measurements* 


By G. H. CANTWELL 


Introduction 

NE OF THE mitigative measures which is often 
QO used in stray current corrosion work, either 
singularly or with other measures, is the insulating 
joint. It is a device for interrupting the flow of cur- 
rent on a metallic structure by inserting an insulator 
in the metallic path. Insulating joints are usually 
constructed in metallic sheathed cables by removing 
a small section of the sheath and replacing it with 
insulating tapes, and in metallic pipes by inserting 
an insulating gasket or ring between sections of the 
pipe. 

The use of artificial insulating joints associated 
with the usual tests made prior to recommending 
permanent measures will eliminate the necessity of 
placing temporary insulating joints, or estimating 
the effect of an insulating joint. Also, since the 
equipment used for the artificial insulating joint is 
portable, the tests readily can be made from several 
locations. 


Description 

The principle of the artificial insulating joint is a 
variation of the application of a “Reduction Current 
Test” to an underground structure for predetermin- 
ing the results of the application of cathodic protec- 
tion. The use of “Reduction Currents” for testing 
purposes is described in other papers and in the Bell 
System Practices. 

In order to simulate an insulating joint, the “Re- 
duction Current” is applied twice, once for each 
structure on each side of the insulating joint. This 
is described in detail below. 

Figure 1 shows a section of underground cable 
where other measurements and circumstances indi- 
cate it desirable to install an insulating joint at 
manhole “B.” Currents “I,”’ and “I.”’ are the normal 
stray currents and are approximately equal, and the 
potential V is the potential to earth of the structure. 

For the purpose of illustration, currents “I,” and 
“T.” are one and the same at manhole “B.”’ Where 
the current is large enough to produce a sizeable 
reading of IR drop on a short section of cable sheath, 
point “b” (see Figure 2) should be moved from man- 
hole “A” to “B.” The Current “I.” should be meas- 
ured by conventional means prior to making these 
tests in order to determine the needed current carry- 
ing capacity for ammeter A, adjustable resistance R 
and the DC supply E (see Figure 2). The Current 


*% Submitted for publication March 20, 1957. A paper presented at the 
Thirteenth Annual Conference, National Association of Corrosion 
Engineers, St. Louis, Missouri, March 11-15, 1957. 
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testing was one of his duties. He attended 
Purdue University, is a registered professional 
engineer in the state of Indiana, a member of 
NACE, and vice-chairman of NACE Task 
Group T-4B-6. 


Abstract 


In making electrical measurements pertinent to de- 
termining stray current mitigative measures, it is 
often desirable to determine the effect of a proposed 
insulating joint at a predetermined location. By ap- 
plying a direct current source between the structure 
and the earth in the manner described in this paper, 
simulation of an insulating joint is achieved. Since 
the method is entirely electrical, the placing of tem- 
porary insulating joints for test purposes is elimi- 
nated. This method can be applied to any structure 
carrying stray DC earth currents. 

In addition to simulating an insulating joint, the 
associated current and potential measurements are 
used to determine (1) the resistance to earth of the 
structure on each side of the point of application, 
(2) the potential to earth that would exist on each 
side of a permanent insulating joint, (3) the poten- 
tial across the permanent insulating joint. They also 
provide data for determining the resistance and cur- 
rent carrying capacity for a bridging resistor. 4.5.3 


I, required to simulate an insulating joint will seldom 
be more than twice Iz. After the above has been 
determined and the equipment connected as shown 
in Figure 2, resistance R is adjusted until I, is zero 
as indicated by a zero reading on the millivolt meter. 
This condition has stopped the flow of current be- 
yond manhole “B” such as an insulating joint would 
do, and has produced a change of potential to earth 
at manholes “B,” “A,” and on beyond. The potentials 
to earth at manhole “B” V, are those that would be 
found on the left side of the insulating joint when 
permanently placed. 


MANHOLE ‘A’ MANHOLE "B’ MANHOLE'C” 


Figure 1—Condition of the cable prior to simulating or placing an 
insulating joint. 











Idom 
been 
lown 
zero 
eter. 
t be- 
rould 
-arth 
itials 
ld be 
vhen 





October, 1957 





MANHOLE’C” 





MANHOLE “A” MANHOLE'B” 


INSULATING JOINT ries 
EFFECT 


Figure 2—Arrangement for creating the insulating joint effect in the 
manhole “B” to manhole “A” direction. 


In order to find out what happens to the currents 
n the manhole “B” to “C” direction, the polarity of 
he supply E is reversed (see Figure 3). Then the 
nillivoltmeter is moved to indicate the current flow 
n the manhole “B” to ‘“C” section and the adjust- 
ible resistance adjusted to stop Current I,. The po- 
entials at manhole “B” V,. are those that would be 
‘ound on the right side of the insulating joint when 
rermanently placed, and those at manhole “C”’ and 
eyond will be those found with an insulating joint 
it manhole “B.” Currents and potentials in the man- 
hole “B” to “C” direction and beyond can be meas- 
ired to determine the effect of an insulating joint 
it manhole “B.” 

When the stray current being blocked varies, the 
resistance R must be adjusted accordingly to keep a 
zero current in the section under investigation. 

The ground point G, as required in “Reduction 
Current” tests, should be sufficiently removed from 
the structure to minimize its influence on the poten- 
tials to earth of the structure. 


Determining the Resistance of the Structure 

For the purposes of more clearly illustrating and 
analyzing the condition, assume that the insulating 
joint has been placed at manhole “B” and that po- 
tentials V, and V, are as determined by the artificial 
insulating joint test. 

Viewing the cable sheath electrically from man- 
hole “B” toward manhole ‘“C” in respect to earth, 
the various potentials and resistances illustrated in 
Figure 4 can be considered as an electrical source 
with an open circuit potential V., since V, was de- 
termined with zero current flow, and an internal 
resistance equal to the summation of the resistances. 
The same consideration can be given to the cable 
sheath in the manhole “B” to “A” direction. 

Since the open circuit potential is reduced by the 
[R drop within the source when a current flow 
exists, the internal resistance can be determined by 
dividing the change in potential by the associated 
change of current. 


v—¥ 


C* Int. Res. (Current flow for V: is zero.) 


The internal resistance in the manhole “B” to 
manhole “A” direction can be determined in the same 
manner. 


V—V: 
I,—O 


- Int. Res. (Current flow for V; is zero.) 


ARTIFICIAL INSULATING JOINTS FOR STRAY CURRENT MITIGATIVE MEASUREMENTS 






MANHOLE ‘A’ 





MANHOLE 'B’ 





Figure 3—Arrangement for creating the insulating joint effect in the 
manhole “B” to manhole “C” direction. 


MANHOLE ‘A MANHOLE “B” MANHOLE "C" 


INSULATING JOINT \— INSULATING JOINT 
EFFECT EFFECT 


Rs SHEATH RESISTANCE 
R, CONTACT TO EARTH RESISTANCE. 


E VARIOUS POTENTIALS OF SHEATH 
TO EARTH — STRAY CURRENT 
AND GALVANIC. 


Figure 4—Conditions as a result of placing an insulating joint at 
manhole “B.” 


The potential across the insulating joint, as deter- 
mined by triangulation, will be equal to the algebraic 
sum of V, and Vs. 

The maximum current flow when the insulating 
joint is shunted with a low resistance bond should 
equal I, and is equal to the potential across the 
insulating joint divided by the sum of the internal 
resistances on each side of the insulating joint. 


Application 

The principal use of the artificial insulating joint 
has been to permit the study of the effects of in- 
sulating joints in aerial cables which have protective 
sheath grounding remote to an underground section 
under cathodic protection. By making these studies, 
it was frequently found that the grounding did not 
appreciably impair the cathodic protection and that 
it would be inadvisable to place an insulating joint. 
However, in other cases, the tests indicated the use 
of an insulating joint was advisable. 

In making the above tests, potentials and currents 
on both sides of the proposed insulating joint were 
measured in order to determine the effect on the 
cathodic protection and on the resulting electrolysis 
condition which would result on aerial cable dips in 
the isolated section. These tests also afforded a means 
of determining the approximate grounding resistance 
on each side of the proposed insulating joint. 

In one case an artificial insulating joint was used 
to remove a 200 milliampere current from a section 
of underground cable which had experienced several 
sheath failures within a few years. As a result, it 
was found that the removal of the current did not 
change the potential to earth of the cable sheath, 
and since no measurable loss of current had been 
detected in the section, it was concluded that this 


617t 






20 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


current was not the principal cause of the sheath 
failures. 


Summary 


The installation of a permanent insulating joint 
verified the results obtained by following the recom- 
mended procedure for creating the artificial insulat- 
ing joint. The accuracy of the results was found to 
be determined by the ability to maintain a zero 
current condition while making the tests. 

Rapidly varying and reversing currents would 
complicate the application of an artificial insulating 
joint. For this reason, and also because an insulating 
joint is seldom required under these conditions, the 
author has not attempted to use the artificial insulat- 
ing joints in these situations. 

In determining the resistance to earth of the cables 
on each side of the insulating joint, the potentials 
are assumed to be those that are a result of the 
sheath current. Since this is seldom 100 percent true, 
a more accurate measurement of resistance will be 
obtained by applying sufficient current to make the 
potential to earth several times greater than the 
galvanic potentials. By the change in potential to 
earth and the associated change in current flow each 
direction from the point of application, the respective 
resistance to earth can be determined. This method 
is often used in the measurement of power station 
grounds. 


Since the equipment set-up for creating an artificial 


insulating joint can be used readily for determining 


the grounding resistance, the opportunity to obtain 
a measure of one more factor important in stray 


current corrosion work should not be overlooked. 


DISCUSSION 
Question by David T. Jones, Pacific Telephone and 
Telegraph Co. (Southern Area), Los Angeles, 
Calif. : 
Has the method been used in multiple cable run? 
Even though all cables are bonded together in each 
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manhole it has been found that the current may bs 
in Opposite direction in some cables from the others 
In this case it would be necessary that the common 
bond at the splice be broken and new bonds placed 
on the cable away from the splice and then an 
opposing current I, be applied which would be the 
algebraic sum of all the currents in the cable run 

In a cable run having a number of cables, say 10 
to 12, this method of inserting artificial insulating 
joints would be laborious and costly. In our area it 
has been found to be more practical and advantageous: 
to install insulating joints in all laterals to sub 
scribers’ buildings prior to placing the cable rut 
under protection. It also has been found that the 
remoteness of a ground on the cable and/or cables 
materially affects the efficacy of the cathode pro- 
tection. 


Reply by G. H. Cantwell: 


The method has been used in multiple cable runs. 
However, the problems you describe were not pres- 
ent. The tests were made on a run located in a 
residential section of the town where other under- 
ground structures had not developed into a closely 
matted network. Also, the current on the cables was 
in the same direction and had practically equalized. 

I agree with you, that under the conditions you 
describe, it is more practical to place insulating 
joints in the laterals to subscribers’ buildings. 

I wish to point out that I am not attempting to 
outline the various detail arrangements necessary to 
make the method work under unusual conditions 
since these conditions would be many of various 
degrees and that the engineer with a thorough under- 
standing of the method would recognize the limita- 
tions and make the required changes such as you 
have outlined in your comment. 

It is true that the remoteness of a ground on the 
cables has a direct bearing on the efficacy of the 
cathodic protection and in these cases the effect of 
the grounding can be measured by the application 
of an artificial insulating joint. 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 
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Corrosion of Austenitic Stainless Steels in Sulfuric Acid* 


By E. H. PHELPS and D. C. VREELAND 


Introduction 

T HAS BEEN known for years that the stainless 
| steels, particularly the austenitic grades, possess 
uutstanding resistance to the corrosive action of 
many chemical solutions. In a number of instances, 
however, the behavior of stainless steels over a wide 
range of concentrations, temperatures, degrees of 
aeration, and in the presence of impurities has not 
been well established. 

Sulfuric acid is one of the most widely used in- 
organic acids. The corrosion resistance of stainless 
steels in sulfuric acid has been studied by a number 
of authors, including Kiefer and Renshaw,’ Fon- 
tana,” and Tofaute and Rocha.* Edeleanu* has in- 
vestigated the potential behavior of stainless steels 
in sulfuric acid. Of particular interest is his paper® 
mm corrosion monitoring of chemical plant equip- 
ment in sulfuric acid service. In this method, con- 
tinuous potential measurements are made on equip- 
ment in operation, and are used to indicate the na- 
ture of operating conditions. 

This paper will present additional data on the cor- 
rosion resistance of austenitic stainless steels in sul- 
furic acid over a wide range of acid concentrations 
and temperatures, in the “air-saturated” and “air- 
free” conditions. Preliminary results on the use of 
potential measurements to determine the “corrosion 
condition” of austenitic stainless steels in sulfuric 
acid also will be discussed. 


Experimental 

Materials 

Six types of stainless steel, namely AISI Types 
304, 310, 316, 317, 321, and 347, were used in the 
present investigation. The chemical composition of 
the materials is listed in Table 1. All these steels 
were obtained from regular mill products and are 
representative of commercially available materials. 

Reagent-grade sulfuric acid, having a specific 
gravity of 1.84, and distilled water were used to 
make all test solutions. 


Weight-Loss Tests 

The test specimens were sheared from 1/8-inch- 
thick cold-rolled sheets that had been solution-an- 
nealed at 1950 F. One- by two-inch specimens were 
prepared for testing by successively grinding on 60- 
to 80-grit and 100- to 120-grit belts. They were then 
hand-polished with 120-grit emery paper. All speci- 
mens were prepared on a dry-belt grinder, except 
specimens for special tests designed to check the 
effect of surface preparation; these were prepared 
on a wet-belt grinder. The specimens were degreased 
in acetone, cleaned in 20 percent nitric acid at 140 F 
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Abstract 
The corrosion resistance of six different grades of 
stainless steel was investigated in air-saturated and 
nitrogen-saturated sulfuric acid solutions at 30, 50, 
and 70 C. The results for the various grades are 
presented in terms of “active-passive” regions that 
depend on acid concentration, temperature, and type 
of aeration. The use of potential measurements for 
the determination of the “active-passive” regions, 
and the use of potential measurements in sulfuric 
acid plant equipment for detection of severe corro- 
sion conditions are also discussed. 4.3.2 


for 20 minutes, rinsed, dried, and weighed. The nitric 
acid cleaning was included in the specimen prepara- 
tion as a passivating treatment, and to obtain uni- 
formly clean surfaces on the specimens. 

The corrosion tests were conducted in air-tight 
glass vessels, each of which contained seven liters 
of the sulfuric acid solution. Specimens were sus- 
pended from glass hooks in each vessel and com- 
pletely immersed in the solution. A constant tem- 
perature was maintained by placing the test vessels 
in a thermostatically controlled water bath. 

The tests were conducted in air-free and in air- 
saturated solutions. The air-free condition was pro- 
duced by saturating the solution with purified 
nitrogen; this served to remove air from the solu- 
tion. The nitrogen, purified by passing over copper 
turnings at 450 C, was introduced as fine bubbles 
into the solution through a sintered-glass diffusion 
disk. A glass chimney prevented impingement of 
the bubbles on the specimens. For 48 hours prior 


619t 


i) 
hN 





10 


AVERAGE CORROSION RATE, MILS PER MONTH 


[ 
+ 
| 
O \-senne 
0 


80 


100 
SULFURIC ACID CONCENTRATION, PER CENT 


Figure 1—Average corrosion rates of various annealed, passivated stain- 
less steels in air-saturated sulfuric acid at 70 C. 


to immersion of the specimens, nitrogen was bubbled 
through the solution at a rate of 200 ml per minute. 
This rate of flow of nitrogen was used throughout 
the test. Although oxygen analyses were not made 
on solutions treated in the above manner, it is con- 
sidered that the procedure used substantially re- 
moved all oxygen from the test flask. 

The air-saturated condition was obtained in a like 
manner by using air in place of nitrogen at a flow 
rate of 1200 ml per minute. In some of the tests, 
carbon dioxide was removed from the air by means 
of a drying tower packed with Ascarite (granulated 
sodium hydroxide and asbestos). Because no notice- 
able variation was observed in corrosion rates with 
this procedure, most of the tests were made without 
removing the carbon dioxide. 

Six specimens, one of each type of stainless steel, 
were included in each test. Usually, the tests were 
conducted for 96 hours, but specimens that corroded 
very rapidly were removed after 24 hours. All tests 
were repeated with duplicate specimens. 

After being removed from the solutions, the speci- 
mens were rinsed, freed of any adherent corrosion 
products, solvent degreased, and reweighed. The 
average corrosion rate in mils (0.001 inch) per 
month was calculated from the loss in weight. 


Potential Measurements 

Potential measurements were made in the same 
type of flask as that used in the weight-loss tests. 
The specimens were about | inch by 2 inches with 
a 10-inch by '-inch stem that was used to make 
an electrical connection. In all cases, the 1l-inch by 
2-inch area was kept about 3 inches below the level 
of the solution. Although it was realized that this 


TABLE 1—Composition of Materials (Percent) 


Material 
No. 
D1 304 
D6 310 
Ds! 3 316 
D1247?... 316 
D04 31g 
DOS 321 
D4 347 


Type Cc I P S Si Ni 

0.022 
0.022 
0.010 
0.017 
0.026 
0.040 
0.018 


0.012 
0.009 
0.008 
0.017 
0.013 
0.007 
0.015 


0.51 
0.36 
0.46 
0.69 
0.66 
0.44 
0.28 


0.06 
0.07 
0.05 
0.06 
0.06 
0.06 
0.07 


OWW ON 


lett 


NSN Re A 


1 Material used in weight-loss tests. 
2 Material used in potential-measurement tests. 
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method involves a solution-air interface, it was con- 
sidered preferable to methods involving masking 
and the resultant crevice effects. 

The corrosion potential of the stainless-steel speci- 
mens was measured against a saturated calomel 
electrode immersed in the test solution. A high- 
impedance vacuum-tube voltmeter was used for all 
potential measurements. 

The potential-measurement experiments were 
started at room temperature; the temperature was 
then increased in steps until all specimens were 
visibly corroding (hydrogen evolution). In most 
cases, the specimens were activated at each tem- 
perature level by touching them briefly with an iron 
wire. Measurements were made periodically at each 
temperature level to determine whether the corro- 
sion potential was stable with time. Usually, the 
temperature was held at a given level for about one 
day. 


Results and Discussion 

The corrosion rates of the annealed, passivated, 
stainless steels in sulfuric acid at 30, 50, and 70 C 
are shown in Tables 2, 3 and 4. The weight-loss 
data for the various steels in air-saturated sulfuric 
acid at 70 C are also shown in Figure 1, which is 
representative of the behavior at other tempera- 
tures. These data show that as the concentration of 
sulfuric acid is increased, the steels remain passive 
(negligible corrosion rates) until a critical concen- 
tration is reached. For any given alloy, tests at 
greater concentrations result in excessively high cor- 
rosion rates, except at very high acid concentrations. 
The critical concentration appears to depend on alloy 
content. For example, in Figure 1, Types 304, 321, 
and 347 stainless steels corroded at high rates when 
tested at concentrations above 10 percent; Types 316 
and 317 corroded at high rates when tested at con- 
centrations above 20 percent; Type 310 corroded at 
a high rate when tested at concentrations above 40 
percent, 

At very high acid concentrations the corrosion 
rates tended to decrease. This decrease probably is 
due to decreased ionization of the acid, and possibly 
to other factors. 


Temperature and Aeration 

The effect of temperature and aeration with nitro- 
gen or air on the limiting concentration for passivity 
of Type 317 stainless steel is shown in Figure 2. In 
this figure, the lines delineate passive regions from 
active regions, on the basis of the weight-loss re- 
sults. The metal is considered passive when it has 

a negligible corrosion rate (less 
than 0.01 mil per It is 
apparent that temperature and 
aeration have a marked effect on 
the limiting concentration for pas- 
sivity. 

The pronounced effect of aera- 
tion is contrary to the results of 
Kiefer and Renshaw,' who did not 
detect appreciable differences in 


month). 


Cr 


19.2 
24.8 
18.3 
17.8 
19.0 
17.9 


0.! 
18.3 0.89 Cb 
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con- 
:king TABLE 2——Average Corrosion Rates’ (Mils per Month) of Annealed, 
Paeenenen Stainless Steels in Sones ae at 7OC 
Peci- | TYPE 304 TYPE 310 TYPE 316 | TYPE 317 toe TYPE 321 TYPE 347 
ome] Sulfuric Acid, —————— —S— << _<_ i _—_—_ }-——_—_ —_—_—__}—_—_——_——. 
: Vercent by Weight | “Aerated Air Free Aerated | Air Free | Aerated | Air Free | Aerated | Air Free Aerated Air Free | Aerated Air Free 
high- ; | <0.012| <0.01 <0.01 | <0.01 | <0.01 <0.01 <0.01 | <0.01 <0.01 | <001 | <001 | <0.01 
Yr all | <0.01 a tl OD | 61 | <001 | <0.01 <0.01 | <0.01 <0.01 85 | <0.01 | 2 
| 70 |  <0.01 | <0.01 | 2 | <001 | 92 | <001 | 28 
ees 953 <0.01 | 20° | <am | 3 <0.01 
were es «-< i 22 | tl 5 | i } é <0.01 | 3. <0.01 < <0.01 | 
20.0.... | 79 Eg 01 | 01 | <0.01 | 39 | 
f | - - | 76 | 
were 50. Ske eral oe x 5 bg : | 490 
se ae 5 240 
most nieiamatoniaine sad —|——— = eatin . | = Sabena -_ oo —_ — 
WG-5. i : = : 125 
tem- 80.0... ‘ : | 36 | ee § “i 66 
iron oP = 
each 16 
orro- tees en. 
the ~ No data. 
: ! Calculated from losses of weight. 
fr one 2 <0.01 = no measurable corrosion. 


TABLE 3——Average Corrosion Rates' (Mils per Month) of Annealed, 


























ated, Passivated Stainless Steels i in Sulfuric Acid at 50 c 
70 © 2 = Ss es es = ——————————— Se a —— — 
-loss ff | TYPE 304 TYPE 310 TYPE 316 TYPE 317 TYPE 321 TYPE 347_ 
a te Sulfuric Acid, ———_—__,_—__ en —____— —,—_—— 
turic Percent by hace: — tc Be Aerated Air Free Aerated | Air Free | Aerated | Air Free Aerated Air Free “Aerated | Air Free | 
ch is | .<0.012 0.48 | <001 | <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 | 0.23 <0.01 
Pax ae <0.01 0.90 <0.01 0.03 <0.01 | : <0.01 | <0.01 <0.01 | 0.50 <0.01 
pera- ee) <0.01 5.0 <0.01 | 0.07 <0.01 | i <0.01 | <0.01 <0.01 10 | <0.01 
anaes O | <0.01 20.5 <0.01 | 0.42 <0.01 | 5 <0.01 | 0.51 <0.01 22.8 <0.01 
ssive OS ass <0.01 | 33.4 <0.01 | 1.24 <0.01 0.69 <0.01 
- MOE 5 sc. 85.0 206.0 <0.01 29.7 <0.01 1.0 110.0 
1cen- OL... 400.0 | 621.0 <0.01 125.0 <0.01 2.2 565.0 | 7 
50. 520.0 925.0 | <0.01 266.0 <0.01 54.1 1000.0 1090.0 
s at 30.0... -+.:| 340.0 | 400.0 <0.01 48.4 <0.01 72.5 310.0 | 378.0 
. | _ a | — — = - _ - - 
cor- ae 78.0 342 | <001 26.1 <0.01 45.7 65.0 
, Mesa cc ene 31.1 | <0.01 11.9 <0.01 17.3 30.7 
ions. 5 eee 1.14 | 29 | <0.01 1.1 <0.01 1.4 3. 
sie eae 1.03 14 | <0.01 0.42 1.1 <0.01 0.54 1. 
ALLOY 96.0... 01 | <0.01 <0.01 <0.01 <0.01 | <0.01 5 l. 
52k, eee eee ee eee ee ——E—EE——E—E—E——————————————————ee 
, ! Calculated from losses of weight 
NV hen 2 <0.01 = no measurable corrosion. 
; 316 
con- 
-d at TABLE 4—Average Corrosion Rates' (Mils per Month) of Annealed, 
e 40 Passivated Stainless Steels in | Sulfuric J Acid at 30 ¢c 
ee : = es wee eee 
: TYPE 304 TYPE 310 | TYPE 316 TYPE 317 TYPE 321 TYPE 347 
S10Nn Sulfuric Acid, ——_— —— — ——___— —_—_—— 
lv is Percent by Weight | Aerated | Air Free | Aerated | Air Free | “Aerated | Air ‘Free Aerated | Air Free “Aerated ‘| “Air Free | Aerated Air Free 
Ey E <0.012 | OL | 01 | <0.01 <0.01 | <0.01 <0.01 <0.01 | <001 | <001 | <0.01 
sibly | <0.01 in 01 | 0.05 <0.01 | <0.01 <0.01 | <0.01 <0.01 <0.01 <0.01 
‘| <0.01 oO | j 0.06 <0.01 | <0.01 <0.01 | <0.01 | <001 | <0.01 <0.01 
<0.01 az | . 30 | <0.01 15 <0.01 | 0.07 <0.01 | 0.80 <0.01 
<0.01 | 33.3 | J i 32 <0.01 | 17 | <O.01 | 20.0 | <0.01 
<0.01 | 54 | 01 | 8 01 | x <0.01 2: <0.01 | 31. <0.01 
<0.01 | 332.0 | 01 | 39.6 01 | if <0.01 | 45 | <O0l | 4: | <0.01 
itro- cicvose! SOLO 37.0 | 01 | 326 01 | 25.5 <0.01 <0.01 38.5 | <0.01 
=a 80. <0.01 02 01 | . : | 02 <0.01 0% <0.01 | ‘ <0.01 
Ivity SRO: ccccececns cl) —<<COe, | .0! ; .02 i .0! <0.01 | 0! <0.01 0: <0.01 
90.0..... <0.01 | 02 01 | 2 f <0.01 05 <0.01 02 | <0.01 
2. In 96. |  <0.01 <0.01 - | <0.01 <0.01 | <0.01 <0.01 OL | <0.01 | . <0.01 | 
from = mn me — = —— = ——— = 
! Calculated from losses of weight. 
: ‘RE= 2 <0.01 = no measurable corrosion. 
has 
(less ; ’ 4 : sh e as , ; 
es corrosion rate when their test solutions were air- or condition (such as 25 percent sulfuric acid at 80 C). 
is ; : sg ’ 
; hydrogen-saturated, deaerated, or as-mixed, and con- Data taken from Kiefer and Renshaw’s paper also 
anc ° . . . : . =e Tr . ° ae ° 
sequently ran their tests with acids in the as-mixed are plotted in Figure 2. The intermediate position of 
t on ites. s . ° as 5 . : . 
condition. It is clear from Figure 2, however, that a the curve based on their data probably is due to air 


2s- eyes : : ; . 3 ‘ . . ; ‘ 
a difference in result with air- or nitrogen-saturation in the solutions when tested in the as-mixed condi- 


would not be obtained in a test in which both condi- tion. 

tions produce passivity for Type 317 (such as 5 per- Active-passive regions for Types 316 and 304 
cent sulfuric acid at 30 C). It is also possible that stainless steels are shown in Figure 3. Results for 
substantially equal corrosion rates would be obtained Types 347 and 321 were similar to that shown for 
where nitrogen or air-saturation results in an active Type 304 in air-saturated acid. These steels did not 
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Figure 4—Active-passive regions for Type 310 
stainless steel in air-free and air-saturated 
sulfuric acid. 


Figure 3—Active-passive regions for Types 304 
and 316 stainless steels in air-free and air- 
saturated sulfuric acid. 


Figure 2—Active-passive regions for Type 317 
stainless steel in air-free and air-saturated 
sulfuric acid. 


TABLE 5—Effect of Surface Preparation on Average Corrosion 
Rates’ (Mils per Month) of Annealed, Passivated Stainless Steels 
in Air-Saturated Sulfuric Acid at 70 C 


Sul- TYPE 304 TYPE 310 

furic — . - 
Acid, Specimen Specimen Specimen Specimen Specimen Specimen 
Per- Prepared Prepared | Prepared Prepared Prepared | Prepared 
cent on on on on on on 
by Dry Wet Dry Wet Dry Wet 
Wt. Grinder | Grinder Grinder Grinder | Grinder 
10 1650.0 0.019 <0.012 

50 2400.0 0.041 510 

60 2100.0 4170 220 


TYPE 316 


0.038 
0.037 
0.038 


0.036 240 
0.017 1410 
0.019 1050 


1 Calculated from losses of weight. 
2 <0.01 = no measurable corrosion. 


exhibit an appreciable passive behavior in nitrogen- 
saturated acid, and hence are not represented for this 
condition in Figure 3. For Type 316, air saturation 
markedly extends the passive region. Again, the 
data of Kiefer and Renshaw for as-mixed acid is 
intermediate between the data for the air-saturated 
and the nitrogen-saturated conditions in the present 
work. 

Figure 4 shows the active-passive regions for Type 
310 stainless steel. With this steel, the results from 
the authors’ work in the air-free condition and the 
results from Reference 1 in the as-mixed condition 
are similar. Comparison of the results for Type 310 
with those for Types 316 and 317 in Figures 2 and 3 
shows a smaller passive region for Type 310 in the 
air-free condition than for Types 316 and 317, and 
a larger passive region for Type 310 in the air- 
saturated condition than for Types 316 and 317. In 
other words, the more highly alloyed Type 310 ap- 
pears more responsive to the effects of oxygen in 
sulfuric acid than does Type 316 or Type 317. 


Surface Preparation and Other Factors 

Table 5 shows the results of tests in which speci- 
mens prepared with a wet-belt grinder were com- 
pared with prepared with a dry-belt 
grinder. In all but one instance, specimens prepared 
on a wet-belt grinder had lower corrosion rates than 


specimens 


did specimens prepared on a dry-belt grinder. In 


many instances, the differences obtained was very 


large. Tarasov® states that improper grinding, re- 


sulting in high metal-surface temperatures, can 


622t 


Grinder 


cause stresses that accelerate the attack of etchants, 
and has observed the selective solution of metal in 
regions that have been highly stressed in grinding. 

A number of other factors could have a large effect 
on the resistance of stainless steel in 
sulfuric acid. Among these are variable alloy content 
in various heats of the same grade of steel, inter- 
granular precipitation due to heat-treatment, surface 
cleanliness, and crevices if present. It is also known 
that factors related to the acid, such as purity and 
the presence of additives, can have an appreciable 
effect. 


corrosion 


Inasmuch as these factors are extremely difficult 
to control in the commercial use of stainless steels 
for sulfuric acid service, it is believed that the use 
of laboratory data, such as those presented in this 
paper, is questionable in predicting good or poor 
service behavior. However, general effects shown in 
laboratory tests, such as those of acid concentration, 
temperature, type of aeration, and the alloy content 
of the steel, undoubtedly are important factors in 
the service behavior of equipment. 


Use of Potential Measurements to 
Determine Service Behavior 

The results of weight-loss tests have shown that 
for the grades of stainless steel tested, a fairly 
distinct line can be drawn separating active regions 
(high corrosion rates) from passive regions (neg- 
ligible corrosion rates). The corrosion rates in active 
regions are sufficiently high to produce rapid wastage 
of equipment, whereas the negligible corrosion rates 
in passive regions would lead to an expectation of 
indefinite service life. 

deleanu® has pointed out that potential measure- 
ments on sulfuric-acid plant equipment offer a means 
of continuously determining the corrosion condition 
of the equipment. This method is based on the 
corrosion-potential and the corrosion-rate behavior 
of stainless steel in sulfuric acid, represented in 
Figure 5 (from Reference 5). This figure shows that 
in the absence of strongly oxidizing conditions, low 
corrosion rates correspond to a cathodic range of 
corrosion potentials, and that high corrosion rates 
correspond to an anodic range of corrosion poten- 
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Figure 5—Diagrammatic representation of rela- 

tion between the corrosion rate and the poten- 

tial of stainless steel in sulfuric acid (from 
Reference 5). 








CATHODIG POTENTIAL 


tials. Generally, in practice, an anodic corrosion 
potential would indicate an active corrosion condi- 
tion in the equipment, whereas a cathodic potential 
would indicate a passive corrosion condition (again, 
in the absence of strongly oxidizing conditions). 
With an anodic-potential value, operating conditions 
should be changed to produce a less severe corrosion 
condition, 

Because of the obvious advantages of this rela- 
tively simple means of corrosion control, it was con- 
sidered worthwhile to investigate in laboratory tests 
the potential behavior of a representative stainless 
steel in sulfuric acid, and to compare this behavior 
with the weight-loss results previously obtained. For 
this purpose, Type 316 stainless steel (material num- 
ber D1247) was used. 

Figure 6 is representative of the corrosion- 
potential behavior of Type 316 in air-saturated 30 
percent sulfuric acid. At 25 C and 40 C, the steel 
maintained a cathodic potential, even after activa- 
tion. At 50 C, the specimen remained passive for 
about 20 hours. On activation at this temperature, 
however, the steel remained active and corroded 
freely, as indicated by hydrogen evolution. 

A different type of behavior was observed at acid 
concentrations below 30 percent. This is apparent 
in Figure 7, which shows the behavior of Type 316 
in air-saturated 20 percent sulfuric acid. In this ex- 
periment, the steel exhibited a cathodic corrosion 
potential at 30 C and regained a cathodic potential 
value after activation. At temperatures of 50, 60, 
and 70 C, the potential remained relatively anodic, 
but corrosion was not apparent. At 80 C, the poten- 
tial became somewhat more anodic, and hydrogen 
evolution was readily visible. 

Figure 8 compares the results of the previous 
weight-loss tests, potential measurements, and points 
of visible corrosion (as evidenced by hydrogen evolu- 
tion from specimens in the potential measurement 
experiments) as a function of temperature and con- 
centration. The active-passive regions indicated by 
the previous weight-loss tests and by the appearance 
of visible corrosion in the potential-measurement 
experiments were similar. The potential measure- 
ments, however, indicate a somewhat different sep- 
arating line at acid concentrations below 30 percent. 
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Figure 6—Potential behavior of Type 316 stainless steel in air-saturated 
30 percent sulfuric acid at various temperatures. 
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Figure 7—Potential behavior of Type 316 stainless steel in air-saturated 
20 percent sulfuric acid at various temperatures. 
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Figure 8—Comparison of potential and cor- 
rosion data for Type 316 stainless steel in air- 
saturated sulfuric acid. 
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The general correspondence of the potential meas- 
urements and the more direct corrosion determina- 
tions are considered sufficiently good to warrant 
further investigation in plant-type service tests. 

The use of potential measurements to determine 
corrosion behavior of stainless steels in sulfuric acid 
may not apply to certain stainless alloys specifically 
designed for sulfuric acid service. Further work is 
necessary to establish the corrosion-potential be- 
havior of these steels. 


Summary 


It has been shown that the corrosion behavior of 
certain types of austenitic stainless steels in sulfuric 
acid can be represented as active-passive regions, 
dependent on temperature, acid concentration, and 
type of aeration. For the alloys tested, the extent of 
the passive region appears to depend on alloy con- 
tent. Air saturation as compared with nitrogen 
saturation, significantly extends the range of acid 
concentration and acid temperature that will pro- 
duce a passive condition on the alloys tested. 

In general, plant operation in which stainless-steel 
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equipment remains passive will result in long service 
life of the equipment, whereas operation leading t 
an active condition can be expected to produce se- 
vere corrosion damage. Because a large number oi 
factors are involved in predicting the service be- 
havior of stainless-steel plant equipment, the use of 
potential measurements as a method of continuously 
determining the corrosion condition was described 
Laboratory experiments showed promise for this 
method. 
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Any discussions of this article not published above 
will appear in the December, 1957 issue. 
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Standardization in the Field of Corrosion 


And Corrosion-Protection in Germany” 


Introduction 
URING THE past few months Task Committee 
D 5 of the Special Commission for Standardiz- 
ig Materials Testing (Methods), working under the 
hairmanship of Professor G. Schikorr, Chemische 
-andesuntersuchungsanstalt (State Institute for 
‘hemical Research), Kienestrasse 18, Stuttgart, has 
ompleted the preparation of a number of standards 


TABLE 1—Corrosion in General 
| | | 
| | | Status 

German | | of Prepa- 

Standard ration 
No. Date of and 

Type Publication Title Remarks 


50,900 Standard June, 1951 Corrosion of Metals 


Corrosion of Metals, 
Quantitative Data for 
Corrosion with Uniform 
Attack, Concepts and 
Units 


50,901 Draft May, 1954 Replaces 


DIN 4851 


TABLE 2—Corrosion Testing Methods 


Status 
German | of Prepa- 
Standard | ration 
No. Date of and 
(DIN) Type Publication Title Remarks 


50,905 | Standard | Nov., 1952 | Testing Metallic Indus- 
trial Materials, Corrosion 
Tests, Instructions Con- 
cerning Procedure and 


Evaluation 


| Replaces 
DIN 4850 


Testing of Light Metals, 
Testing of Resistance to 
Corrosion by Marine At- 
mospheres and Seawater 


50,907 Standard Jan., 1952 Replaces 


DIN 4853 


50,908 Draft Period for 
criticism 
expired on 
June 30, 
1953, not 
dealt with 
yet in the 
Commis- 
sion 


Testing of Light Metals, 
Stress Corrosion Tests 


Feb., 1953 


50,909 Standard Replaces 


DIN 4860 


Sept., 1954 Testing of Metallic In- 
dustrial Materials, Under- 
ground Corrosion Tests in 
the Absence of Stray Cur- 
rents 


50,910 Standard Feb., 1955 Testing of Metallic In- 
dustrial Materials, Quan- 
titative Effects and Mea- 
suring Techniques for 
Underground Corrosion 
in the Presence of Stray 
Currents 


Replaces 
DIN 4861 


Corrosion, Tests Carried New text 
Out in Boiling Liquids in prepa- 
(Boiling Test) ration 


Standard Aug., 1939 


Corrosion, Testing of New text 
Pressure Vessels, Testing in prepa- 
at Elevated Pressures and | ration 
Temperatures 


Standard Aug 


% Translated from Metall, 9, No. 13/14, 593 (1955) July, by Henry 
Hives, Publications Division Aluminium Laboratories Limited, 
Kingston, Ontario. 


Abstract 
The present status of German standardization relat- 
ing to the corrosion, corrosion-protection by chemi- 
cal, electrochemical or galvanic coatings, and testing 
of metallic industrial materials is tabulated. Some 
basic information concerning the organization and 
progress of the work is presented. 2.7.3 


TABLE 3—Rust Removal, Chemical and Electrochemical Coatin 


Status 
German of Prepa- 
Standard | ration 
No. | Date of and 
(DIN) Type Publication Title Remarks 
50,940 Standard Aug., 1952 | Corrosion-Protection, 
' Testing of Chemical Rust 
Removers and Inhibitors 
| (added to mordants or 
picklers) for Steel and 
Iron. Laboratory Tests 
50,942 Draft Oct., 1952 Corrosion-Protection, In- Replaces 
(with structions Concerning Draft 
Appendix) Phosphatizing of Steel DIN 
| Components 55,700, 
rejected 
asa 
standard 


4—Electrodeposited Coatings 


Status 
of Prepa- 
ration 
Date of and 
Publication Title Remarks 


German 
Standard 


No. 
(DIN) Type 


50,950 Standard 


Testing of Electrodeposit- 
ed Coating, Microscopic 
Determination on Film 
Thicknesses 


Sept., 1952 


Testing of Electrodeposit- | Rejected 
ed Coatings, Determina- as a ten- 
tion of Film Thicknesses tative 

by Radiation Techniques standard 


50,951 Draft Sept., 1952 


Testing of Electrodeposit- 
ed Coatings, Determina- 
tion of the Thickness of 
Chromium Coatings by 
Means of the Drop 
Method 


50,953 Standard Jan., 1955 


Testing of Electrodeposit- 
ed Coatings, Porosity 
Testing of Metallized 
Zinc and Zinc Alloys, 
Copper Sulphate Process 


50,956 Standard Dec., 1954 


50,960 Tentative 
standard 


Jan., 1955 Corrosion-Protection, 
Electrodeposited Coatings, 
Symbols, Thickness of 
Metallic Layers, General 
Instructions 

Jan., 1955 Corrosion-Protection, 
Electrodeposited Coatings, 
Electrodeposited Coatings 
on Steel, General Instruc- 
tions Concerning their 
Use in Central and West- 
ern Europe as a Protec- 
tion against Atmospheric 
Corrosion 


50,960 Tentative 
(appendix) | standard 


Jan., 1955 Corrosion-Protection, 
Electrodeposited Zinc 


Coatings on Steel 


50,961 Tentative 
standard 


Corrosion-Protection, 
Electrodeposited Cadmium 
Coatings on Steel 


(Table 4 Continued on Page 28) 


50,962 Tentative 
standard 


Jan., 1955 
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TABLE 4 (Continued) 
a = ee ap a 
| 


Status 
German of Prepa- 
Standard ration 

No. | | Dateof | and 
(DIN) | Type Publication) Title 
50,963 Tentative Jan., 1955 
standard 


| Corrosion-Protection, cee 
| Electrodeposited Nickel 

| and Nickel-Chromium 

| Coatings on Steel 


Corrosion-Protection, | 
Electrodeposited Copper-_ | 
Nickel and Copper- 
Nickel-Chromium Coat- 
ings on Zinc and Zinc 
Alloys 


50,964 | Tentative Jan., 1955 
standard 


Electrodeposited Coatings, | Second 

Nickel Salts for Nickel draft 

Baths under 
prepara- 
tion 


50,970 Draft Mar., 1953 


50,971 Standard Oct., 1954 Electrodeposited Coatings, 
Chemicals for Zinc 


Cyanide Baths 


Remarks 


TABLE 5—Metallic Coatings on Wire 


of Prepa- 
ration 
and 
Remarks 


German 

Standard 
No. 

(DIN) 


51,213 


| Status 
| 


| 
| 
| 
| 
| 


| 
| 


Date of 
Type | Publication Title 


June, 1940 


| Standard Testing of Wires, Metal _— 


| 
| 
| 
| 
| Coatings 
| 


which are either revisions of previous standards con- 
cerning corrosion, or new standards relating to the 
field of electroplating. The latter were published as 
drafts several years ago. The status of standardiza- 
tion as of February 1955 is tabulated in Tables 1-5. 

The standards are available at the Beuth-Vertrieb, 
Uhlandstrasse 175, Berlin W 15, and Friesenplatz 16, 
Cologne. 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 
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Corrosion and Metal Transport 


In Fused Sodium Hydroxide” 


Part 2 — Corrosion of Nickel-Molybdenum-lron Alloys 


By G. PEDRO SMITH* and EUGENE E. HOFFMAN* 


Introduction 

T HAS BEEN known for some time that nickel is 

relatively corrosion resistant toward fused sodium 

ydroxide. Recent studies‘ have shown that this 
orrosion resistance is very good up to high tem- 
eratures provided that hydrogen is not removed 
rom the field of reaction and provided that metal 
ransport phenomena are avoided. However, ele- 
nental nickel has low mechanical strength at ele- 
ated temperatures and cannot be used as a ma- 
erial of construction where excessive thickness is 
io be avoided. Therefore, it is desirable to impart 
idded strength to the nickel by alloying with other 
metals. Unfortunately, potential alloying elements 
are relatively reactive with hydroxide melts even 
after alloying with nickel. 

In this paper it will be shown that certain nickel- 
rich alloys whose constituents are nickel, molyb- 
denum, and iron show a more promising corrosion 
resistance at 815 C than alloys which have pre- 
viously been tested, although elemental molybdenum 
and iron react quite readily with fused sodium hy- 
droxide at elevated temperatures.” It should be 
emphasized that corrosion rates in fused sodium 
hydroxide are sensitive to many variables such as 
the composition of the atmosphere above the melt. 
Therefore, although the tests to be described show 
that certain alloys are relatively corrosion resistant, 
the quantitative data are meaningful only for the 
test conditions specified. 


Experimental Procedure 

A study was made of the action of fused sodium 
hydroxide on the elemental metals nickel and iron 
and on nine alloy compositions of nickel-rich alloys 
containing nickel, molybdenum, and iron. The cor- 
rosion testing procedure was the capsule test tech- 
nique described in another report.* 

The commercial materials A-nickel and Globiron 
were used for tests on the elemental metals. Alloys 
were prepared as 30-lb ingots from high-purity ma- 
terials by vacuum melting and casting. These ingots 
were extruded into rods, which were machined into 
capsules and specimens for testing. The nominal 


*% Submitted for publication April 29, 1957. 
* Metallurgy Division, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 


Abstract 

Studies were made of the corrosion by fused sodium 
hydroxide of nickel-rich alloys whose constituents 
were nickel, molybdenum, and iron exposed at 815 C 
for 100 hours. The reaction mechanism was found to 
involve the selective removal of iron and molyb- 
denum from solid solution with nickel and a re- 
sultant formation of subsurface porosity. In most 
cases this porosity was shown to occur in the form 
of elongated pits which frequently followed tortuous 
paths and intersected to form a maze of subsurface 
channels. 

Alloys of nickel, molybdenum, and iron containing 
at least 70 percent nickel showed more resistance to 
corrosion by sodium hydroxide melts at 815 C than 
any other alloys which have been tested. 4.7 


compositions in weight percent of the nine alloys 
tested were as follows: 


90 percent Ni-10 percent Mo 
85 percent Ni-15 percent Mo 
80 percent Ni-20 percent Mo 
75 percent Ni-25 percent Mo 
80 percent Ni-20 percent Fe 
67 percent Ni-33 percent Fe 
80 percent Ni-10 percent Mo-10 percent Fe 
70 percent Ni-15 percent Mo-15 percent Fe 
60 percent Ni-20 percent Mo-20 percent Fe 


Five of these alloys were analyzed, and the results 
are given in Table 1. It will be noted that the actual 
composition of individual constituents did not de- 
viate by more than 1.52 percent from the nominal 
composition and that contaminants were present 
only in small amounts. 

Test samples were exposed at 815 C for 100 hours. 
Duplicate tests were made with each alloy. After the 
tests the capsules were cut open, the hydroxide was 
dissolved in water, and the test specimens were 
weighed. Then the specimens were cut in half. One 
half was metallographically prepared for microscopic 
examination; the other half was prepared for X-ray 
examination as follows: the cut surface was etched 
with aqua regia to remove strained layers, special 
precautions being taken to protect the uncut sur- 
faces. A high-angle spectrometer was used for 
making X-ray examinations of the cut and uncut 
surfaces. The cut surface was representative of the 
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Figure 1—Pits formed on a specimen of 85 percent Ni—15 percent 

Mo alloy by corrosion in fused NaOH. Specimen is in as-polished 

condition. Original magnification, 500X; actual magnification after 
reduction for engraving purposes, 260X; unetched. 
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Figure 2—-Porous layer formed on a specimen of 75 percent Ni—25 

percent Mo alloy by corrosion in fused NaOH. Specimen is in as- 

polished condition. Original magnification, 500X; actual magnification 
after reduction for engraving purposes, 260X; unetched. 


uncorroded interior of the specimen, and the uncut 
surface was representative of the corroded metal. 


Results 

\fter testing, the A-nickel specimens were slightly 
etched in appearance but were free from visible tar- 
nish films. They were found to have lost 0.005 
gm /square inch? in weight, which, if uniformly dis- 
tributed over the surface, would be equivalent to a 
decrease in thickness of 4.5 x 10°-inch. Microscopic 
examination did not reveal any localized attack such 
as pitting or grain-boundary penetration. The iron 


TABLE 1—Compositions of Alloys Tested 


ANALYSIS (Weight Percent) 


Nominal Composition 
Weight Percent) N Fe Mo Cc Si 
85 Ni-15 Mo : 15.09 0.021 0.030 
90 Ni-10 Mo ; 10.23 0.014 0.030 
SO Ni-10 Mo-10 Fe 10.14 9.60 0.010 0.040 
60 Ni-20 Mo-20 Fe 20.38 19.53 0.018 0.040 
70 Ni-15 Fe-15 Mo 1.2¢ 13.83 14.31 0.013 0.023 
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Figure 3—Labyrinthian pits formed on a specimen of 70 percent 

Ni—15 percent Fe—15 percent Mo by corrosion in fused NaOH. 

Specimen is in as-polished condition. Original magnification, 500 X; 

actual magnification after reduction for engraving purposes, 260X; 
unetched, 





Figure 4—Intergranular porosity formed on a specimen of 60 percent 

Ni—20 percent Mo—20 percent Fe by corrosion in fused NaOH. 

Specimen is in as-polished condition. Original magnification, 500X; 

actual magnification after reduction for engraving purposes, 260X; 
unetched. 


specimens, on the other hand, had corroded signifi- 
cantly, evidenced by a uniform decrease in thickness 
of 0.005-inch as measured microscopically. 

The weight loss suffered by the alloy specimens 
was slight, being 0.021 gm/square inch for one spec- 
iumen and less than 0.013 gm/square inch for all the 
others. There was no correlation between weight loss 
and alloy composition. 

Microscopic examination was made of sections cut 


perpendicular to a corroded surface of each specimen. 
The 90 percent Ni-10 percent Mo specimens gave 
no evidence of corrosion other than a slight wavi- 


ness of the surface, which was less 
than 0.6 mil deep. The metallo- 
graphic sections of specimens of 
all other compositions contained 


pee ae pores near the surface which, for 


<0.002 0.0002 » 
<0.002 0.0006 the 
<0.002 0.0003 
<0.017 <0.0001 


most part, were sections 


through elongated, labyrinthian 
pits. The density, diameter, and 
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depth of penetration of these pits differed for differ- 
ent alloy compositions. 

The distribution density of pores in nickel-molyb- 
lenum alloys increased with increasing molybdenum 
-ontent. Figure 1 at 500X shows pits which formed 
in a specimen of 85 percent Ni-15 percent Mo alloy. 
Che group of large pores to the right in the photo- 
micrograph was found to be a section through a 
single labyrinthian pit which was connected to the 
surface in two discernible places. This was one of 
the deepest pits found for specimens of this compo- 
sition. A second large pit, toward the left in the 
photomicrograph, was of more nearly average length. 
In addition to the large pits there were a great 
number of small slender pits averaging about 0.5 
mil in depth, about one-third that of the average 
depth for the large pits. These slender pits may be 
seen near the surface of the specimen in Figure 1. 
Che large pits were somewhat widely scattered over 
the surface and, at places, were as much as 30 mils 
apart. 

At the surfaces of specimens of 75 percent Ni-25 
percent Mo alloy there was a layer of fairly densely 
spaced pores with a more or less well-defined lower 
boundary as shown at 500X in Figure 2. Micro- 
scopic examination left no doubt that the large pores 
in the upper half of this layer were sections through 
elongated pits and, it is not improbable that all the 
pores were part of a system of channels. 

The microstructures of the nickel-iron alloys (not 
illustrated in this report) were in many ways like 
those shown in Figure 2 except that the penetration 
was much less regular so that there were a sub- 
stantial number of small regions at the surface 
beneath which no pores were found. 

Microstructures for two compositions of nickel- 
molybdenum-iron alloys are shown at 500X in Fig- 
ures 3 and 4. Specimens of the 70 percent Ni-15 
percent Mo-15 percent Fe, shown in Figure 3, con- 
tained large pits which were more or less isolated. 
Specimens of 60 percent Ni-20 percent Mo-20 percent 
Fe, shown in Figure 4, contained pores which were 
found, by etching the specimens, to lie along inter- 
granular boundaries. Pores which were close to- 
gether were shown to be sections through single, 
very elongated pores, and consequently it is sup- 
posed that all pores represented sections through 
deep pits which more or less followed the course of 
intergranular boundaries. 

Quantitative determinations of the depth of cor- 
rosive penetration were made with the aid of a 
projection microscope. An image of a specimen was 


TABLE 2—Depth of Porosity 


Nominal Composition 


Depth of Porosity 
(Weight Percent) 


(Inches x 103) 


Fe Average 


Maximum 


A 
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projected at an accurately determined magnification 
of 250X, and measurements were made of the image 
with calibrated scales. These measurements were ac- 
curate to within 0.2 mil. For each alloy composition, 
16 to 22 sections of surface each 20 mils long were 
examined and the maximum depth at which pores 
were found was determined for each section. These 
values were averaged and are listed in Table 2, 
together with the greatest single value for the depth 
of pore formation. 

Nickel-molybdenum-iron alloys over the composi- 
tion range considered in this report are face-centered 
cubic, substitutional solid solutions. The X-ray meas- 
urements showed that the lattice parameter of metal 
at the corroded surface had shifted substantially 
away from the parameter for the uncorroded interior, 
as illustrated by the data in Table 3 which also in- 
cludes the parameter for pure nickel. The lattice 
parameters of iron and molybdenum are not com- 
parable with the data in Table 3 since these elements 
at room temperature have body-centered cubic lat- 
tices. It will be seen from Table 3 that the shift in 
lattice parameter of the alloys caused by corrosion 
could be interpreted as an enrichment in _ nickel 
content. 


Discussion 

The small weight losses suffered by all specimens 
represent exceedingly small losses of metal and show 
that corrosion in the form of an over-all thinning of 
the specimens was negligible compared with corro- 
sion in the form of subsurface porosity. No further 
quantitative meaning can be assigned to these weight 
changes inasmuch as different specimens probably 
had different amounts of solidified hydroxide re- 
tained within the surface layer of pits after washing. 
Aside from the small weight losses, the only evi- 
dence of corrosion was the formation of subsurface 
porosity. 

From the measurements on the depth of subsur- 
face porosity (Table 2) it is concluded that the 
nickel-rich alloys containing nickel, molybdenum, 
and iron are significantly more corrosion-resistant 
toward fused sodium hydroxide at 815 C than are 
any other alloys previously investigated.’ 

The X-ray measurements indicated that, when the 
nickel-molybdenum-iron alloys had reacted with 
fused sodium hydroxide, iron and molybdenum were 
selectively removed from solid solution with nickel. 
Corrosion measurements showed that the depth of 
pore formation had increased with decreasing nickel 
content. These results for the alloys are in agree- 
ment with the finding!” that elemental nickel is 
much more resistant toward reaction with fused 
sodium hydroxide than are elemental iron and 
molybdenum. The resistance toward reaction of ele- 


TABLE 3—Lattice Parameter Shift 


Alloy (Weight Percent) Lattice Parameter (A) 


Interior Surface 
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mental nickel as compared with that of elemental 
iron, as described in the preceding section, was veri- 
fied in this study for the experimental conditions 
used for the alloy reactions. 

A characteristic feature of the corrosion described 
in this paper is the formation of pores near the sur- 
faces of the alloy specimens. In the majority of 
instances these pores were shown to be sections 
through labyrinthian pits. In the case of the 60 
percent Ni-20 percent Mo-20 percent Fe alloy, illus- 
trated in Figure 4, the pits seemed to follow inter- 
granular boundaries. 

The selective removal of reactive constituents from 
substitutional solid solution is known to lead, fre- 
quently, to the formation of subsurface porosity as 
illustrated by the removal of copper from copper- 
gold alloys by reaction with aqueous ferric chloride*° 
and the removal of nickel from iron-chromium-nickel 
alloys by dissolution in liquid lead.? The mechanisms 
by which subsurface porosity may develop as a con- 
sequence of different selective removal processes 
have not been treated fully, but several important 
special cases have been considred. One was the for- 
mation of voids not connected with the alloy- 
corrodent interface, as described by Brasunas,’ but 
this mechanism does not seem to be operative for 
the selective removal process under consideration 
because the evidence is that pits, not voids, were 
formed. 

Another case, described by Bakish and Robertson,* 
was the possible role which galvanic potentials and 
structural defects play in producing subsurface 
porosity when the rate of selective removal is con- 
trolled by an electrochemical mechanism. Wagner*® 
has considered the case in which the rate of selective 
removal is controlled by the rate of diffusion of the 
substance being removed, first through the alloy and 
then through the corrodent phase. He showed that 
if the diffusivity in the alloy is much less than the 
diffusivity in the corrodent phase, as is true for 
liquid corrodents, then corrosion by a pitting mecha- 
nism, once initiated, is self-sustaining whether or not 
there exist inhomogeneities such as structural de- 
fects or local concentration differences. Wagner does 
point out, however, that if there are inhomogeneities 
present in the alloy they might act as preferred paths 
for pit penetration. 


Vol. 12 


The above considerations suggest that the pene- 
tration of the corrodent into pits in the alloy, such 
as was observed in the corrosion of nickel-molyb 
denum-iron alloys by sodium hydroxide, is charac- 
teristic of the selective removal of alloy constituents 
from substitutional solid solution. 


Conclusions 

Alloys of nickel, molybdenum, and iron containing 
at least 70 percent nickel showed more resistance t« 
corrosion by sodium hydroxide melts at 815 C than 
any other alloys which have been tested. The amount 
of corrosion decreased with increasing nickel content 

The reaction mechanism was found to involve the 
selective removal of iron and molybdenum from a 
terminal solid solution with nickel. This process re- 
sulted in the formation of a porous alloy at the sur- 
face which was much enriched with nickel. In most 
cases the porosity was shown to occur in the form 
of elongated pits which frequently followed tortuous 
paths and intersected to form a maze of subsurface 
channels. 
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Sulfide Corrosion Cracking 
Of High Strength Bolting Material* 


By DONALD WARREN and G. W. BECKMAN 


Introduction 
HE SPONTANEOUS cracking of relatively 
high-strength ferrous materials in hydrogen sul- 
fide environments has been termed sulfide corrosion 
cracking.’ Such cracking results from the combined 
action of tensile stresses and corrosive attack by hy- 
drogen sulfide.?? 

Failure by sulfide corrosion cracking has been 
most commonly encountered in the handling of sour 
crudes in the petroleum industry. Field failures of 
such equipment as tubing, sucker rods, valve springs 
and plates, pump springs, bolting, and wire pipe fil- 
ters have been reported.?***** Not all failures due to 
hydrogen sulfide have occurred within the petroleum 
industry, however. For example, the rupture of low 
alloy steel cylinders charged with coal gas contain- 
ing about 0.01 percent H.S has been attributed to 
sulfide corrosion cracking.*® 

The current investigation stemmed from numerous 
failures of AISI Type 4140 bolting material in aque- 
ous hydrogen sulfide service. Design information was 
needed to prevent the recurrence of such failures. 
This information was developed by studying the in- 
cidence of cracking in a number of H,S-H,O environ- 
ments. Those variables evaluated were the bolting 
material, hardness, applied stress, and plastic pre- 
strain. Preventive measures such as the use of metal- 
lic coatings, corrosion inhibitors, and substitute 
materials also were evaluated. 


Experimental Details 
Test Specimens and Bolting Materials 

Bolts were used as test specimens in this study 
because their stress patterns are difficult to simulate 
with other types of laboratory specimens. Two types 
of bolting materials were tested: (1) AISI Type 4140 
steel, the material which failed in service, and (2) 
substitute materials, most of which were nonferrous 
alloys. 

AISI Type 4140 Steel. Allen head cap screws % 
inch in diameter by 1% inches long with 6 threads 
per inch were used as test specimens. This bolt size 
was chosen because: (1) similar bolts had failed in 
the field, and (2) the large number of required test 
specimens limited the bolt size from the standpoint 
of economy, ease of procurement, and test space. 

All cap screws had been commercially fabricated 
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Abstract 


The sulfide corrosion cracking behavior of Type 4140 
bolts was studied in H2S-H:2O systems at tempera- 
tures of 20 to 120 C and at pressures of 1 to 17 
atmospheres. The susceptibility to cracking increased 
with increasing bolt hardness, increasing applied 
stress, increasing amounts of plastic deformation, 
and decreasing test temperature. Other bolting ma- 
terials such as Inconel, Inconel-X, K-Monel, and 
annealed Type 316 stainless steel were completely 
resistant to sulfide corrosion cracking. 

The use of protective metallic coatings and the 
addition of corrosion inhibitors to the test system 
were evaluated as means of preventing the sulfide 
corrosion cracking of Type 4140 bolts. 

The sulfide corrosion cracking of Type 4140 bolts 
is believed to be best explained on the basis of hy- 
drogen embrittlement. 3.2.2 


from a single heat of steel. The chemical composi- 
tion of the steel is given in Table 1. The hardness of 
the cap screws in the commercially annealed condi- 
tion varied from R, 10 to R, 20. The cap screws were 
hardened and tempered to provide bolts with hard- 
nesses in the range of R, 20 to R, 55. The yield 
strength and ultimate tensile strength of the bolts is 
shown in Figure 1 as a function of hardness and tem- 
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Bolting Stress x 10° p.s.i. 


Hardening Treatment: 30 min. ot 1550°F., Oil Quenched 
As-quenched Herdness: Rc55 
Tempering Treatment: | hr. et tempercture, Air-cooled 


45 Bolt Hardness, Rockwell C 


750 Tempering Temperature, °F. 


Figure 1—Physical properties of hardened and tempered Type 4140 bolts. 


pering temperature. The strength values were ob- 
tained from tensile tests made on the bolts. 


Substitute Bolting Materials. The substitute mate- 
rials evaluated were Type 316 stainless steel, Inconel, 
Inconel X, K-Monel, 5 percent aluminum bronze, and 
75ST aluminum. These materials were tested as 3% 
inch or 1! inch in diameter studs. Their physical 


properties are included in the discussion of results. 


Method of Stressing Bolts 


Loading Jigs. Two types of jigs were used for 
loading (applying stress to) the bolts. The cross- 
sectional area of both jigs was large enough to pro- 
vide a rigidity greater than that of the bolts being 
tested. The 3¢ inch Allen head cap screws were 
loaded on bars as shown in Figure 2. The longer 


stud bolts were loaded in individual sleeves as shown 
in Figure 3. Holes were drilled in both jigs to permit 
free circulation of the corrosive environment around 
the bolts. 

Misalignment of the bolts during loading on the 
test jigs was minimized by: (1) machining parallel 
flats on the surfaces of all bars, sleeves, and wash- 
ers (2) machining all nut faces to align them per- 
pendicularly to the thread axis; and (3) rechasing 
all threaded surfaces prior to engagement. To reduce 
friction, powdered molybdenum disulfide was brushed 
over all of the mating surfaces. 


Technique of Stressing Bolts. Known values of 
stress were applied to the bolts by tightening them 
on the jigs until their elongations reached certain 
predetermined values. The amount of bolt elongation 
required to give the desired stress was calculated 
from the following formula derived from Hooke’s 
Law: 

SL 


E 
where e is the bolt elongation, S is the desired stress, 
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Figure 2—Bar type jig used for loading 3/8-inch Allen head cap screws. 


Figure 3—Sleeve type jig used for loading stud bolts. 


I. is the effective gage length of the bolt, and E is the 
modulus of elasticity of the bolting material. The 
torque required to produce the desired stress was 
measured by means of a calibrated torque wrench. 
The torque values were used in checking for bolt fail- 
ures (to be discussed later). 

The elongation of the longer stud bolts was meas- 
ured directly with a micrometer. The accuracy of 
these measurements was improved by machining 
hemispherical tips on the end of each stud bolt. The 
gage length, L, was assumed to be the length of the 
loading sleeve plus the thickness of the two washers 
plus half the total thickness of the two nuts. The use 
of only half the total nut thickness to determine the 
effective gage length is based on the work of Stoeckly 
and Macke’ and Hetenyi.* Their results showed that 
70-75 percent of the bolt load was carried by the first 
half of the threads engaged in the nut. 

Special techniques were required to measure the 
elongation of the 3¢ inch Allen head cap screws under 
applied loads. A Graham- Mintel strain indicator, 
which operates on the microformer principle, per- 
mitted elongation measurements having an estimated 
precision of 0.00005 inch. .\ complete derivation of 
the formula used for calculating the stresses in the 
3g inch cap screws is given in the appendix. 


Check on Bolt Stressing. The accuracy of the 
method, used for determining bolting stress was 
checked by means of the device shown in Figure 4. 
This device consisted of a cubical block with resist- 
ance type strain gages mounted on the four side faces 
in a direction parallel to the axis of the hole in the 
block. The block was calibrated by loading it in com- 
pression between the platens of a hydraulic testing 
machine using the adapters shown in Figure 4. The 
strain on the block as indicated by the strain gages 
was then measured as a function of the load on the 
testing machine. 

The next step was to load the calibrated block by 
tightening a 3¢ inch cap screw in place through the 
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Adopter Area Same 
as Washer Area 


Block Shown with Adapters Block Shown with 3/8 in. 
for Calibration in Tensile Allen Head Cap Screw 
Machine Loaded in Place 


Figure 4—Sketch of calibration block used for 
checking the strain measurement techniques ap- 
plied to 34-inch Allen head cap screws. 


hole in the block. As the bolt was tightened, its elon- 
gation was measured with the Graham-Mintel strain 
indicator. At the same time, the strain in the block 
was determined by means of the resistance strain 
gages. The bolting stress was then calculated both 
from the elongation in the bolt and from the load on 
the block, as provided by the calibration curve. The 
difference between the values of bolting stress ob- 
tained by the two methods of measurement averaged 
about 7 percent. It was concluded that the strain 
measurement method of determining bolting stress 
was sufficiently accurate for the purpose of this study. 


Method of Prestraining Bolts 

For the prestrain studies, the 3g inch cap screws 
were plastically prestrained in tension in a hydraulic 
testing machine. As each bolt was prestrained, its 
stress-strain curve was automatically recorded using 
a separable extensometer operating over a two inch 
gage length. The prestraining operation was stopped 
when the total deformation reached a predetermined 
amount. The total plastic deformation from the 
stress-strain curve was then translated into plastic 
strain in inches/inch for the %4 inch gage length 
actually being prestrained. 

The amount of plastic prestrain also was deter- 
mined from reduction in area measurements made 
with a micrometer and from measurements of the 
extension between the threads with an eyepiece com- 
parator. All three methods of measuring plastic pre- 
strain yielded approximately the same results until 
the prestress values approached the ultimate tensile 
strength of the bolts. The values of plastic prestrain 
reported here were all based on stress-strain diagrams. 


Method of Measuring Bolt Hardness 


9 


Earlier studies':*** have emphasized that material 
hardness is an important variable in sulfide corro- 
sion cracking. Accurate hardness measurements were 
obtained in this study by machining parallel flats on 
those surfaces involved in making the hardness de- 
terminations. Hardness measurements were made on 
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Figure 5—Cracking susceptibility of Type 4140 bolts exposed in an 
H.S-H.O system for one year at 40 C and 250 psi. 


TABLE 1—Chemical Composition of 34-Inch Allen Head Cap Screws 


ELEMENT 
Cr. Spine ‘ “sakes pare ea 0.87 
WAGE? 6 aks eek ae a a 0.12 
Mn... Te Me te aiwaeans a 


Percent By Weight 
0.41 


the ends of all bolts prior to testing. In addition, 
check measurements were made on failed bolts in 
the area adjacent to the failure. 


Test Environments 

Previous work’?}*"° has shown that hydrogen sul- 
fide and water are the essential components of sys- 
tems producing sulfide corrosion cracking. Three 
principal test environments based on H.S-H,O sys- 
tems were used in the current study. Two of these 
were pressurized (250 psi) environments operating 
at temperatures of 40 C and 120 C, respectively. The 
third system operated at atmospheric pressure and 
room temperature. The pressurized tests were made 
in carbon steel autoclaves, while the atmospheric 
pressure tests were run in sealed steel containers. 
Commercial grade H.S was used for all tests. 

Preparation of the pressurized systems consisted 
of purging the test autoclaves with H.S, then pres- 
surizing them to 250 psi with H,S, and finally seal- 
ing off the systems at that pressure. In the 120 C 
environment the bolts were exposed to H.2S only 
when the temperature was 120 C; the system was 
charged with nitrogen during the heating and cool- 
ing cycles. 

The room temperature—atmospheric pressure 
environment was obtained by purging the test con- 
tainer with H.S and then sealing it off at atmos- 
pheric pressure. The concentration of H2S was main- 
tained by repurging the container with H.S at 
periodic intervals. 

In the 40 C—250 psi and in the room temperature 
—atmospheric pressure systems, the bolts were ex- 
posed in the vapor rather than the liquid phase. 
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Figure 6—Minimum applied stress required to produce cracking of Type 
4140 bolts in an H.S-H.O system at 40 C and 250 psi. 


Earlier research®**" indicated that the vapor phase 
must be saturated with water if sulfide corrosion 
cracking is to occur. Saturation of the current test 
systems with water vapor was ensured by placing 
a container of water in each of the test pots. In the 
120 C—250 psi system, bolts were exposed in both 
the vapor and liquid phases, as well as a combina- 
tion of the two. As far as could be determined, there 
was no difference in the tendency of the vapor or 
the liquid phases to cause sulfide corrosion cracking 
at 420::C. 


Length of Test Period 

The frequency of examination for bolt failures 
varied from one day in early stages of testing to 
three months in the latter stages of testing. In most 
cases, the bolts were exposed for a minimum of 
3,000 hours before discontinuing the test. 


Vethod of Checking for Failures 

The bolts were checked for failures by torquing 
each bolt to 75 percent of the torque originally used 
in stressing it. Occasionally, this procedure failed to 
detect broken bolts, because the bolts had been 
locked in place by a heavy layer of sulfide scale. 
Consequently, when the test was completed, all un- 
failed bolts were torqued beyond their yield points 
to reveal any undetected failures (either partial 
complete). 

Discussion of Results 


Cracking Behavior of Type 4140 Bolting Material 


Effect of Hardness and Applied Stress. The effect 
f hardness and applied stress on the sulfide corro- 
sion cracking behavior of Type 4140 bolting material 
is discussed below for each of the three test environ- 
ments. Unless otherwise indicated, all data are for 
quenched and drawn bolts having a microstructure 


of tempered martensite. 

The stress values used are those applied to the 
bolts before testing. Stress relaxation studies showed 
that Type 4140 bolts stressed to values below their 
yield strength underwent a stress relaxation of the 
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Figure 7—Cracking susceptibility of Type 4140 bolts exposed for one 
year in an H.S-H.O system at room temperature and atmospheric 
pressure 


order of 3 percent at room temperature and 6 percent 
at 120 C. About 2-3 percent relaxation occurred dur- 
ing the initial stressing of the bolts at room temper- 
ature. The greater relaxation at 120 C was probably 
due to the lower yield strength of the bolting mate- 
rial at that temperature." 


Bolts Exposed at 40 C and 250 psi. Figure 5 shows 
the cracking susceptibility of Type 4140 bolts in a 
pressurized (250 psi) H.S-H.O system at 40 C. Here, 
the test bolts are shown as either failing or not fail- 
ing after a minimum exposure of one year. Two 
curves have been drawn to divide the plot into three 
regions: (1) a 100 percent failure region, (2) a border- 
line region of possible failure, and (3) a no-failure 
region. Tests were confined to that area below the 
yield strength curve for the bolts in order to mini- 
mize the amount of plastic deformation introduced 
during stressing.”’ Excessive amounts of plastic de- 
formation would have obscured the effects of hard- 
ness and applied stress by accelerating the sulfide 
corrosion cracking process.’? 

The curves of Figure 5 show clearly that increas- 
ing the bolt hardness increased the susceptibility to 
sulfide corrosion cracking. No bolting failures oc- 
curred at hardness values less than R, 27 even at 
applied stresses approaching the vield point. This 
means that in sulfide corrosion service higher bolt 
loads can be maintained without failure by lowering 
the bolt hardness to below R, 27. This contrasts with 
the usual case where, in the absence of any embrit- 
tling phenomena, higher clamping forces are ob- 
tained by increasing the bolt hardness and strength 
level. 

The above observations substantiate the work of 
other investigators showing that steels of higher 
hardness have a greater tendency toward sulfide cor- 
rosion cracking.***?* In addition, the minimum hard- 
ness of R, 27 for sulfide corrosion cracking of Type 
4140 steel is in close agreement with the minimum 


() Some localized yielding can occur at the thread roots even at ap- 
plied stresses which are nominally well below the yield point. This is 
due to the stress concentration effect introduced by the thread root, 
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region for 40°C. system. 
(from Figure 5) 


ROCKWELL C HARDMESS OF BOLTS 


Figure 8—Cracking susceptibility of Type 4140 bolts exposed for one 
year in an H.S-H.O system at 120 C and 250 psi. 


value of R, 24 for cracking of hardenable grades of 
stainless steel reported by Bloom.’ Bloom® also ran 
a limited number of tests on Type 4130 steel in a 
solution of % percent acetic acid and H.S. These 
tests showed cracking of specimens at hardnesses of 
R, 27-28 but not at R, 21. 

From Figure 5 it is evident that the level of ap- 
plied stress required to produce sulfide corrosion 
cracking decreased as the hardness increased. Figure 
6 illustrates more strikingly this relationship be- 
tween the bolt hardness and the applied stress nec- 
essary for failure. The curve in Figure 6 was obtained 
by plotting the minimum bolting stress required for 
failure, as determined from Figure 5, as a function 
of bolt hardness. Bowers, Wiehe 
have suggested that there is a “critical” or thresh- 
old” stress below which sulfide corrosion cracking 


McGuire, and 


will not occur. The data in Figure 6 support their 
suggestion and show that this “threshold” stress is, 
in large measure, a function of hardness (or strength 
level) of the material. 

In addition to the above tests on quenched and 
tempered bolts, more than one hundred annealed 
bolts were tested for a period of one year without 
any failures. The annealed bolts had a pearlitic-ferritic 
microstructure and hardnesses of R, 15-21. Applied 
stress values for these bolts ranged from 45,000-80,000 
psi (55-95 percent of their yield strength). 


Bolts Exposed at Room Temperature and Atmos- 
pheric Pressure. Figure 7 gives the cracking data for 
Type 4140 bolts exposed in an H.S-H.,O system at 
room temperature and atmospheric pressure. Included 
in Figure 7 for comparison are the cracking curves 
from Figure 5 for the 40 C—250 psi environment.“ A 


@ For a given hardness. the yield strength of annealed bolts was 
appreciably lower than the yield strength of quenched and drawn 
bolts. 

©) The data for the room temperature-atmospheric pressure system 
were believed insufficient for drawing new cracking curves for 
this system. 
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Figure 9—Effect of prestrain on cracking susceptibility of Type 4140 
bolts exposed in an H.S-H-O system at 40 C and 250 psi. 


TABLE 2—Effect of Plastic Prestrain on the Cracking Susceptibility 
Of Type 4140 Bolts Exposed in an H.S-H.O System at 40 C 
and 250 Psi 


—— - - — 

Di ee ee 
100,000 psi- 

Yield Strength 


35,000-70,000 psi 
Amount of |-—— —— - — 
Prestrain |Number |Number!| 
Introduced,| of Bolts} Percent\of Bolts) Percent 

Degree of Prestressing | (in./in.) Tested | Failed | Tested | Failed 

None ‘ ; 0 

Below Ultimate | 
Tensile Strength. 0.010-0.030 

At or Near 

Ultimate Tensile | 
Strength. . 0.050-0.070 

Beyond Ultimate | | 
Tensile Strength. 7 | | 100 


0.070-0.130 | 


Note: Range of hardness for nonprestrained bolts was R. 27-33 and for pre- 
strained bolts was Re 24-33. All bolts were quenched and drawn and had 
a tempered martensitic microstructure. 


comparison of the curves and the plotted data shows 
very little difference in the cracking behavior of 
Type 4140 steel in the two environments. Thus, it 
can be concluded that pressure in the range of 1 to 
17 atmospheres has little effect on the cracking tend- 
ency. Others'*'* have drawn similar conclusions re- 
garding the effect of pressure over a much broader 
range (1-300 atmospheres). 


Bolts Exposed at 120 C and 250 psi. At 120 C the 
Type 4140 bolts were far less susceptible to sulfide 
corrosion cracking than they were at 40 C. This is 
shown by the cracking data in Figure 8 for bolts 
exposed in a pressurized (250 psi) H,S-H,O system 
at 120 C.“) Compare the curve defining the no-failure 
region for the 120 C system with that defining the 
same region for the 40 C system (the latter curve was 
taken from Figure 5). It is obvious from these two 
curves that the cracking susceptibility was greatly 
reduced when the test temperature was raised from 
40 to 120 C. 


“4 The applied stress values used to plot the data in Figure 8 are 
those measured at room temperature. Relaxation measurements 
showed that these stress values were reduced by about 6 percent 
by the 120 C exposure. 
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Figure 10—Effect of hardness on time to failure of Type 4140 bolts ex- 
posed in an H.S-H:O system at 40 C and 250 psi. 


Fraser and Treseder' also found that the severity 
of sulfide corrosion cracking decreased with increas- 
ing temperature. For example, a 5 percent Ni steel 
which failed at 0 C in an H.S-H.O system did not 
fail in a 20-25 C system, all other conditions of the 
exposure being the same. 


Effect of Plastic Deformation on Bolts Exposed at 
40 C and 250 psi 

Heavy plastic prestraining of Type 4140 bolts in- 
creased their susceptibility to sulfide corrosion crack- 
ing at high levels of applied stress. Figure 9 gives 
the cracking data for a series of bolts of R, 24-33 
hardness that were plastically prestrained in tension 
from 0.010 to 0.130 inch/inch and then exposed to a 
pressurized (250 psi) H.S-H.O system at 40 C. Also 
included in Figure 9 are the cracking curves from 
Figure 5 for nonprestrained bolts exposed to the 
same environment. Note that in the absence of plas- 
tic prestrain, sulfide cracking did not occur if the 
bolt hardness was less than R. 27. However, if bolts 
were severely prestrained plastically (0.050 inch/inch 
or more) and then stressed at 100,000 psi or more, 
sulfide cracking occurred at hardnesses as low as R, 
24. This change in minimum bolt hardness for crack- 
ing is too small to be of practical significance. Never- 
theless, it does show that plastic deformation and the 
accompanying residual stresses increase the suscepti- 
bility to sulfide corrosion cracking. 

In addition to lowering the minimum hardness for 
failure, plastic prestraining increased the percentage 
of failures among R, 24-33 bolts stressed to 100,000 
psi and above. This is shown by Table 2 where the 
bolts have been arranged in three groups based on 
the amount of prestressing (or prestraining) they 
received. At applied stress levels of 100,000 psi or 
more, the percentage of bolt failures increased as the 
amount of prior plastic deformation increased. In 
fact, 100 percent of those bolts prestressed beyond 
their ultimate tensile strength” failed when sub- 
jected to applied stresses of 100,000 psi. At stress 
levels of 35,000-70,000 psi plastic prestraining showed 
no consistent effect on the number of bolt failures. 
Bowers, McGuire, and Wiehe’ also found that the 
effect of prior plastic deformation on sulfide corro- 
sion cracking was highly dependent upon the level 
of applied stress. 


© The amount of plastic prestrain introduced was greater than the 
Strain corresponding to the ultimate tensile strength of the bolts. 
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Figure 11—Effect of applied stress on time to failure of Type 4140 bolts 
exposed in an H-S-H.O system at 40 C and 250 psi 


A limited number of tests involving plastic pre- 
strain were run on annealed bolts having a pearlitic- 
ferritic microstructure. These tests showed that ex- 
treme plastic prestraining (0.180 inch/inch) could 
cause failure of annealed bolts at hardnesses as low 
as R. 22. 

The above results emphasize that over-torquing 
(torquing beyond the yield strength) of bolts should 
be avoided in field service involving H.S. 


Factors Influencing the Time to Failure of Type 
4140 Bolts 

The time for failure of Type 4140 bolts in a pres- 
surized H.S-H.O system at 40 C ranged from 65 
hours to over nine months. Analysis of the cracking 
data for this test system showed that the time to 
failure was primarily influenced by bolt hardness and 
secondarily by stress level and degree of prestressing. 

Effect of Hardness on Time to Failure. The curves 
in Figure 10 illustrate the marked reduction in crack- 
ing time caused by increased bolt hardness. These 
curves were obtained as follows: for each hardness 
level, the number of bolt failures occurring within 
a given exposure time was plotted as a percentage 
of the total number of bolt failures in that hardness 
range. These data represent bolt failures which oc- 
curred at applied stress values ranging from 15,000 
to 125,000 psi. A separate analysis of the data showed 
that the effect of hardness on the time of failure 
largely overshadowed any effect of applied stress. 
This is discussed below. 

The shorter failure times for the harder bolts prob- 
ably reflects the greater ease with which cracks can 
initiate and propagate in a less ductile material. 

Effect of Stress Level on Time to Failure. The 
level of applied stress (below the yield strength) had 
little effect on the cracking time except for bolts of 
higher hardness. As shown in Figure 11, an increase 
in applied stress reduced the time to failure of the 
R,.. 39-43 bolts but did not appreciably affect the time 
to failure of bo]ts in the two lower hardness ranges. 
The latter results are in agreement with those of 
Gifkins and Rees.® They found a poor correlation 
between the applied stress and time to actual frac- 
ture but good agreement between applied stress and 
the time to initiate sulfide corrosion cracking. 

The lack of correlation between the applied stress 
and time to failure for the softer bolts probably re- 
sults from the relaxation in bolt load caused by 
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Figure 12—Effect of prestressing on time to failure of Type 4140 bolts 
exposed in an H.S-H:O system at 40 C and 250 psi. 


TABLE 3—Corrosion Rates for Type 4140 Steel in Three 
H.S-H.O Saree 


Average Corrosion Rate, mil/yr* 
Short Time Exposure| Long Time Exposure 
(100-400 hour) is (800-1800 hour) 
Liquid ‘Vapor Liquid 

Phase | Phase Phase 


Vapor 
H2S-H20 Environment Phase 
Room temperature and atmos- 
pheric pressure. oN bes ‘ 3 8 
GOOG Ba BI PBs cick eee 3 | 9 
120 C and 250 pei... ........ ** 15 


i * These corrosion rates are the average of shes or more tests for the period of 
time indicated. The test specimens were cylinders 34 inch in diameter by 
% inch long. The sulfide scale on the specimens was removed at the end of 
test period by pickling in an — hydrochloric acid solution. 


** Test arrangements in the 120 C- 
testing in the vapor phase. 


250 psi autoclave did not permit corrosion 


propagation of cracks. As a crack propagates, the 
unit stress on the remaining cross section of the bolt 
increases until the yield point of the material is ex- 
ceeded. The higher yield strength of the harder bolts 
limits the relaxation of the bolt load and thereby 
emphasizes the effect of the applied stress. 


Effect of Prestressing on Time to Failure. Pre- 
stressing of the bolts had little effect on their crack- 
ing time unless the prestressing was carried beyond 
the ultimate tensile strength. Figure 12 shows that 
prestressing to beyond the ultimate tensile strength 
(total plastic strain of 0.070 to 0.120 inch/inch) 
greatly reduced the time for failure by sulfide corro- 
sion cracking. However, prestressing to below the 
ultimate tensile strength had little influence on the 
time to failure. Others'® have reported that “the pres- 
ence of plastic deformation accelerated the failure 
process for sulfide corrosion cracking.” In the present 
work, the decreased cracking time of bolts prestressed 
beyond their ultimate tensile strength was not due 
to the decrease in cross sectional area resulting from 
prestressing. The decrease in area due to prestressing 
was a maximum of 10 percent, whereas the cracking 
time was reduced by a factor of 5-6. 


Related Corrosion and Metallographic Studies 


Corrosion of Type 4140 Steel in H.S-H.O Systems. 


Table 3 summarizes the corrosion rates for 


Type 
The corro- 
sion rates for long-time exposures (800-1800 hours) 
were usually less than those for short-time exposures 


4140 steel in the three test environments. 


SULFIDE CORROSION CRACKING OF HIGH STRENGTH BOLTING MATERIAL 


C 


Figure 13—Microscopic pattern of sulfide cor- 
rosion at thread roots of Type 4140 bolts ex- 
posed in various H.S-H.O systems. All samples 
unetched. A: 40 C—250 psi system. Original 
magnification was 250X; magnification after 
reduction for engraving purposes was 225X. 
B: Room temperature—atmospheric pressure 
system. Original magnification was 100X; mag- 
nification after reduction for engraving purposes 
was 90X. C: 120 C—250 psi system. Original 
magnification was 150X; actual magnification 
after reduction for engraving purposes was 135X. 


(100-400 hours) due to the formation of a ie 
layer of sulfide scale. The rates for the 40 C—250 psi 
and the room temperature—atmospheric pressure 
systems were almost identical. A comparison of cor- 
rosion rates in the liquid phase of the three systems 
shows that the rates for the 120 C—250 psi environ- 
ment were the highest for short exposure times and 
the lowest for long exposure times. 

No apparent correlation existed between the corro- 
sion rate in the three environments and the incidence 
of sulfide corrosion cracking. For example, the tend- 
ency for cracking was much lower in the 120 C en- 
vironment, yet the corrosion rate for short-time 
exposures was the highest in this system. In addition, 
the corrosion rate for long-time exposures in the 120 
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Figure 14—Large sulfide corrosion notch at 

thread root of Type 4140 bolt exposed in an 

H.S-H.O system at 40 C and 250 psi. Unetched, 
150X. 


C—Shank failure. 6X 


Vol. 13 


B—Nut failure. 6X 


D—Head failure. 6X 


Figure 16—Typical fractures of Type 4140 bolts which failed by sulfide corrosion cracking. 


Figure 15—-Large sulfide corrosion notches and 
accompanying crack at thread root of Type 4140 
bolt exposed in an H.S-H.O system at room tem- 
perature and atmospheric pressure. Unetched, 
100X (actual magnification after reduction for 
engraving purposes was 90X). 


C system (liquid phase) was equal to those in the 
other two systems (vapor phase). It should be re 
membered that in the cracking tests the bolts were 
exposed in the liquid phase of the 120 C environment 
and the vapor phase of the other two environments. 

The microscopic pattern of the corrosive attack 
was similar for all three test environments; this is 
shown in Figure 13. The localized attack caused by 
sulfide corrosion consisted of rounded pitting, blunt 
corrosion notches, and sharper notches approaching 
microcracks in appearance. It is easy to conceive how 
the very fine corrosion notches or microcracks shown 
in Figure 13 could develop into severe macrocracks 
under the influence of applied stress and the corro- 
sive environment. Figures 14 and 15 illustrate the 
blunter type of corrosion notches; note the severe 
sulfide corrosion cracks originating from one of the 
notches. 

The bolt hardness, applied stress level, and degree 
of plastic prestrain had very little effect on the type 
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and extent of the corrosive attack observed on the 
bolts. As would be expected, the localized attack in- 
creased in both severity and frequency of occurrence 
as the exposure time increased. On the other hand, 
in exposures as short as 65 hours, a small amount of 
pitting generally occurred and occasionally, sharp 
corrosion notches or microcracks developed. 


Fracture Studies on Type 4140 Bolt Failures. Sul- 
fide corrosion cracking of the Type 4140 cap screws 
led to fractures at four principal locations: (1) in the 
threaded portion between the nut and the unthreaded 
shank (gage failure), (2) in the threaded portion en- 
gaged in the nut (nut failure), (3) in the unthreaded 
shank (shank failure), and 4) in the minimum cross 
section at the base of the cap (head failure). Repre- 
sentative macrographs of these four types of fracture 
are shown in Figure 16. 

The typical gage failure began at a thread root and 
propagated through the cross section in a direction 
that was almost normal to the bolt axis. The result 
was an almost flat fracture except for a projection of 
torn metal marking the completion of fracture (see 
Figure 16A). Nut failures occurred in a_ similar 
fashion except that restraint by the nut threads 
caused multiple cracking. This is illustrated in Fig- 
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SULFIDE CORROSION CRACKING OF HIGH STRENGTH BOLTING MATERIAL 


Figure 17—Sulfide corrosion cracks in longi- 
tudinal section of Type 4140 bolt which failed 
in the nut. Unetched, 3.5X. 


ure 16B where cracking has proceeded along three 
separate paths to fracture. The shank failures were 
always quite brittle in appearance due to irregular 
fracture contours (see Figure 16C). The head failures 
generally resulted from multiple cracking through 
the minimum cross section at the base of the socket 
in the bolt head (see Figure 16D). 

There was no apparent correlation between the 
location of fracture and any of the variables involved 
in the sulfide corrosion cracking process. Even in 
ordinary bolting fractures where ‘sulfide corrosion 
cracking is not involved, the fracture location will 
vary according to the stress concentration factors 
inherent in bolt design.* Thus, the lack of fracture 
correlation in the present study is not surprising. 


Pattern of Macro- and Microcracking in Bolt Fail- 
ures. Figure 17 illustrates the pattern of macrocracks 
in a bolt failure which occurred within the nut. Mul- 
tiple macrocracks such as these were generally ob- 
served in most failures within the nut and occasion- 
ally in failures at other locations. Note that all of the 
cracks in Figure 17 initiated at points slightly re- 
moved from the thread roots. These points of crack 
initiation correspond roughly to the point of maxi- 
mum stress concentration for loaded bolt threads 
engaged in a nut.* When bolt failures occurred in the 
gage, the cracks generally originated at the very root 
of the threads (see Figures 15 and 19). 

Microscopic sulfide corrosion cracks similar to 
those shown in Figures 18-21 were often observed in 
failed bolts. These microcracks usually initiated at 
either the thread roots (Figure 19) or at the fracture 
surface (Figure 18). Quite often the cracks were of 
a branching nature (Figures 20 and 21) and, in many 
cases, they were filled with corrosion products 
(Figure 20). 


Figure 18—Sulfide corrosion cracks normal to 
fracture surface of failed Type 4140 bolt. Un- 
etched, 100X. 


Figure 19—Fine sulfide corrosion cracks initi- 
ating at thread root of failed Type 4140 bolt. 
Unetched, 250X. 


TABLE 4—Effect of Metallic Coatings on the Susceptibility 
of ae 4140 Bolts to Sulfide Corresion ne 


| | Exposure 
| Average | Time 

| Number | Number Time to | Unfailed 
| of Bolts | of Bolts | "Failed | (Hours) Failure | | Bolts 


Environment Coating! | Exposed?) | Failed (Hours) | (Hours) 


| ae 
100 
"100 
400 
400 


S 2S-H: 20 at 40C No coating 
Cadmium 
Zinc 

| Chromium 
Lead 
Brass 
Nickel 


“nee 


8,200 
8,600 


mmol Ne 


250 

500 
600 ° 
1,700 11,000 
7,600 ae 
8,400 14,000 
14,000 14,000 


He2S-H20 at No coating 
Room Temperature Zinc 
Atmospheric Pressure | Brass 
| Aluminum 
Cadmium 
Lead 
Chromium | 


WNNONN& 
mebobtobot 


! All coatings were ale scitailia having a minimum thic kness of 0.002 inches 
except the aluminum which was a sprayed paint coating applied in three 
successive light layers. The nickel plating was 0.005 inch thick. 

2 All bolts exposed had a hardness of Rc 38-42 and were stressed to 55-65,000 
psi 


Relationship Between Cracking and Microstruc- 
ture. In most cases the sulfide cortosion cracks ob- 
served in failed bolts could not be classified as either 
intergranular or transgranular, because of the small 
and poorly defined grain size of the tempered mar- 
tensite. However, some cracks did have a definite 
intergranular or transgranular appearance. Examples 
of these are shown in Fgures 22 and 23. There was 
no apparent relationship between the type of crack- 
ing observed and any of the test variables. Other 
investigators have reported sulfide corrosion cracking 
as being largely intergranular,'’® almost completely 
transgranular,’?* and sometimes intergranular and 
sometimes transgranular.**'* The results of the cur- 
rent study indicate that in a uniformly martensitic 
microstructure both types of cracking can occur. 

Some of the previous studies of sulfide corrosion 
cracking emphasized the role of martensite in caus- 
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Figure 20—Network of sulfide corrosion cracks which originated at 
fracture surface of failed Type 4140 bolt. Unetched, 150X. 


Figure 22—Sulfide corrosion crack with intergranular appearance in 
failed Type 4140 bolt. Etchant was 2 percent nital, 500X. 


ing cracking.'*:'* These studies were primarily con- 
cerned with steels having a duplex microstructure 
containing varying amounts of untempered marten- 
site. An examination of the bolts tested in this study 
revealed no microstructural change that could ac- 
count for the sharp increase in cracking observed as 
the bolt hardness increased from R, 25 to R, 35. This 
is borne out by the series of photomicrographs in 
Figure 24. The only microstructural change evi- 
dent in these pictures is the increased spheroidization 
of carbides that occurs as the hardness is reduced 
from R, 55 to R, 21 by tempering. In addition, there 
Was no microscopic evidence of untempered marten- 
site resulting from decomposition of retained austen- 
ite in any of the bolts.” 

) Figures 24A and 24B have been included to show the marked dif 


ference between a ferritic-pearlitic microstructure and a tempered 
martensitic microstructure of the same hardness. 


© Quenching of hardened and tempered bolts in liquid nitrogen did 
not produce any increase in hardness. This indicated that retained 
austenite was not present in appreciable amounts 
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Figure 21—Branching sulfide corrosion cracks which originated at 
thread root of failed Type 4140 bolt. Unetched, 100X. 
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Figure 23—Sulfide corrosion crack with transgranular appearance in 
failed Type 4140 bolt. Etchant was 2 percent nital, 500X. 


Prevention of Bolting Failures in H,S-H,O 

Environments 

Three methods of eliminating bolting failures due 
to sulfide corrosion cracking were studied: (1) use 
of metallic coatings on Type 4140 bolts, (2) addition 
of corrosion inhibitors to the H,S-H,O systems, and 
(3) use of other bolting materials in place of Type 
4140 steel. 


Effect of Metallic Coatings. Seven different types 
of metallic coatings were applied to Type 4140 bolts 
prior to their exposure in two different H.S-H.O sys- 
tems. The hardness and stress level of these bolts 
were sufficient to ensure the cracking of uncoated 
bolts. Table 4 gives the results of this study. 

While most of the coatings were effective in in- 
creasing bolt life by a factor of 2-3 or more, they did 
not provide consistent or reliable protection against 
sulfide corrosion cracking in both test environments. 
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The relatively heavy nickel plating (0.005 inch thick) 
gave good protection in the one environment in which 
it was tested. Others’® have reported that electro- 
plated coatings of nickel can be used to prevent sul- 
fide corrosion cracking. 

Despite its effectiveness in these tests, nickel plat- 
ing was rejected as a method of preventing bolting 
failures in the field. This was done because the mak- 
ing and breaking of threaded connections materially 
increases the probability of mechanical rupture of 
the coating. 


Effect of Inhibitors. Two inhibitors were evaluated 
in this study: Duomeen T“? and tetraethylenepenta- 
mine (TEPA). These two low-vapor-pressure amines 
had proven effective in reducing the general corro- 
sion of steel in H.S-H,O systems. For example, the 
addition of either of these inhibitors to the liquid 
phase of the 40 C—250 psi system reduced the corro- 
sion rate for short-time exposures (100-400 hours) 
from 9 to 1.5 mil/yr. The cracking tests were made 
in the liquid phase of pressurized H.S-H,O systems 
at 40 C with about 500 ppm. of the inhibitor added 
to the liquid phase. The hardness and stress level of 
the test bolts were sufficient to cause cracking in the 
absence of any inhibitor. 

Figure 25 compares the cracking behavior of Type 
4140 bolts in the two inhibited systems with that in 
the uninhibited system. The tetraethylenepentamine 
(TEPA) proved the more effective of the two inhibi- 
tors in these tests because it reduced the percentage 
of bolt failures from 100 percent to 40 percent. The 
practical significance of these tests is limited for two 
reasons: (1) the number of bolts tested was insuffi- 
cient for a reliable evaluation and (2) neither inhibi- 
tor was 100 percent effective in preventing failure. 
However, the data do reflect the findings of others':!° 
who used inhibitors to combat. sulfide corrosion 
cracking with varying degrees of success. 


Evaluation of Substitute Materials. As shown by 
the data in Tables 5 and 6, 5 percent aluminum 
bronze and 75ST aluminum were the only substitute 
bolting materials tested which showed any suscepti- 
bility to sulfide corrosion cracking. Even there, only 
one bolt of each material failed and then only after 
a long exposure (1 to 1% years). Type 316 stainless 
steel (annealed condition), K-Monel, Inconel, and 
Inconel X proved to be completely resistant to crack- 
ing in the two H,S-H.O systems investigated. 
K-Monel and Inconel X were immune to sulfide cor- 
rosion cracking even at high levels of hardness and 
applied stress, R. 32-36 and 100-125,000 psi, respec- 
tively. The above results confirm the excellent resist- 
ance to sulfide corrosion cracking reported in the 
literature for annealed Type 316 stainless steel,’ 
Monel, K-Monel, and Inconel.':* '* 

Visual observations indicated that Inconel, Inconel 
X, and Type 316 stainless steel had excellent resist- 
ance to general corrosion in those H,S-H,O systems 


) Duomeen T is an aliphatic amine type of commercial inhibitor 
marketed by Armour and Co. 


® It is recognized that Type 316 stainless steel is susceptible to 
sulfide corrosion cracking in the cold-worked condition, 


SULFIDE CORROSION CRACKING OF HIGH STRENGTH BOLTING MATERIAL 


E—Tempered martensite Rc 36 F—Martensite Re 55 


Figure 24—Microstructure of Type 4140 boits as a function of hardness. 
Etchant was 2 percent nital, 1000X. 


tested. Monel and K-Monel were slightly corroded in 
the same systems, while 5 percent aluminum bronze 
was severely corroded. The corrosion resistance of 
75ST aluminum was quite poor, mainly because of 
iron sulfide scale in the test system. 

The only microcracks observed in the failed 75ST 
aluminum and 5 percent aluminum bronze bolts were 
located adjacent to the fracture surface. The cracking 
in the 75ST aluminum bolt was clearly intergranular 
(see Figure 26). In the 5 percent aluminum bronze 
bolt, the cracking appeared to be at least partially 
intergranular (see Figure 27). Both of these bolt fail- 
ures, in contrast to the Type 4140 bolt failures, were 
accompanied by severe general corrosion. 


Mechanism of Sulfide Corrosion Cracking 

Throughout this paper the term “sulfide corrosion 
cracking” has been used to describe the type of fail- 
ures which occur in H.sS-H.O environments. This 
term arose from the lack of clearcut evidence as to 
whether sulfide corroston failures were the result of 
stress corrosion cracking or hydrogen embrittlement.’ 
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Figure 25—Effect of inhibitors on cracking susceptibility of Type 4140 
bolts exposed in an H.S-H:O system at 40 C and 250 psi. 


Figure 26—Intergranular sulfide corrosion cracks near the fracture 
surface of failed 75ST aluminum bolt. Etchant was 0.5 percent HF, 250X. 


Such uncertainty stems from the very manner in 
which ferrous materials corrode in aqueous hydrogen 
sulfide. 

Sulfide Corrosion Reaction. Ilydrogen sulfide when 
dissolved in water forms a which can 
attack steel surfaces and thereby release hydrogen 


weak acid 


according to the following equation: 

Fe + H.S— FeS + 2H > FeS + H: 
By “poisoning” the surface available for the re 
combination of atomic hydrogen into molecular hy- 
drogen, the H.S acts as a promoter for the entry of 
atomic hydrogen into the steel. The blisters found 
in soft steels exposed to sulfide environments offer 
striking proof that the sulfide corrosion reaction is 
capable of charging a steel with hydrogen.* Analysis 
of the gas contained in such blisters showed it to be 
99.5 percent hydrogen. 


Prior Theories of Cracking. |’revious investigators, 
in their proposed mechanisms of sulfide corrosion 
cracking, have been divided between stress corrosion 
cracking and hydrogen embrittlement. Some have 
attributed sulfide corrosion failures solely to stress 
corrosion cracking.” *° Certainly, the phenomenon of 
sulfide corrosion cracking has present all of the ele- 
ments required for stress corrosion cracking. These 
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Figure 27—Sulfide corrosion cracks adjacent to fracture surface of failed 
5 percent aluminum bronze bolt. Etchant was NH,OH-H.0.. 250X. 


elements consist of an applied tensile stress and a 
corrosive environment acting together to produce 
failure in a more or less spontaneous fashion. 

Other investigators have felt that the failures in 
H.S-H.O environments were due directly to hydro- 
gen embrittlement.** "1" Hafsten,* for example, 
found a good correlation between the degree of hy- 
drogen embrittlement and the cracking of carbon 
steel springs in an 8-10 percent H.S atmosphere. One 
of these springs after having failed in service was 
quickly sectioned into three parts. One part was im- 
mediately subjected to a simple bend test and failed 
in a completely brittle fashion. The other two sec- 
tions, one of which was baked for 4 hours at 400 F 
and one of which was aged for three weeks at room 
temperature, failed in a ductile fashion after under- 
going appreciable plastic deformation. Prange’ has 
pointed out that those sulfide environments which 
cause brittle failures in hardened steels all produce 
blistering in soft steel. The latter, of course, can be 
directly attributed to hydrogen. 

Fraser and Treseder,' while favoring stress corro- 
sion cracking as the primary mechanism of sulfide 
corrosion failures, have recognized the role played 
by hydrogen embrittlement. They have proposed a 
combined mechanism in which (1) a very small crack 
is initiated through stress corrosion and (2) the crack 
is propagated by additional stress caused by the 
precipitation of hydrogen just ahead of the crack. 


Interpretation of Current Data. It is believed that 
the sulfide corrosion cracking data presented in this 
paper are best explained on the basis of hydrogen 
embrittlement. From this viewpoint, the primary 
role of the sulfide corrosion reaction was to charge 
the steel with hydrogen and to produce pits or notches 
which could serve as initiation sites for cracks. The 
contribution of hydrogen embrittlement to failure by 
sulfide corrosion cracking is emphasized by three fac- 


tors: (1) the decrease in cracking tendency with in- 
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creased test temperature, (2) the correlation between 
hardness and susceptibility to cracking, and (3) the 
similar cracking behavior of bolts exposed to H.S-H,O 
systems and inhibited acid pickling solutions. 


Effect of Temperature on Cracking Tendency. As 
pointed out earlier, the greatly reduced cracking 
tendency in the 120 C test system could not be ex- 
plained on the basis of either a reduced corrosion 
rate or a change in the pattern of corrosive attack. 
However, the reduced cracking tendency at 120 C 
can be explained on the basis of hydrogen embrittle- 
ment as the primary cause of cracking. For example, 
it is known that the degree of embrittlement caused 
by hydrogen decreases with increasing temperature 
in the range of 0-100 C.** 1% 7° 

The effect of test temperature on the hydrogen 
embrittlement of hardened steels is best shown by 
the work of Hobson and Hewitt.*° They ran tensile 
tests on specimens of a 3 percent Cr-Mo steel (0.28 
percent C) which had been charged with hydrogen 
by a high-pressure heating technique. Reduction in 
area was used as a measure of the degree of embrit- 
tlement. Figure 28 shows the re- 
sults of tests made at 20 and 100 C 
for three levels of hardness.“° 
Note that at a hardness of R. 46 the 
steel was significantly embrittled 
at both 20 C and 100 C. This could 
explain why cracking of R,. 40 
bolts was observed in sulfide en- 
vironments at both room tempera 
ture and 120 C. Figure 28 also 
shows that at a hardness of R, 32 
the degree of embrittlement at 100 
C was appreciably less than at 20 
C. This might explain why R,. 30 
bolts frequently cracked in sulfide 
environments at room temperature 
but never at 120 C. 


Bolting Material! 


Type 316 Stainless Stee 
K-Monel ; 


Inconel 


Inconel X.. 


5% Aluminum Bronze.... 
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Strength Level of Steet 
Herdness Ule. Tensile Strength 

--= Re 120,000 p.a! 

—-— Re 190,000 

— Re 720,000 


Test Temperature: 100°C. 


Reduction in Area, % 


Hydrogen Content of Tensile Specimens, mi./100 g 


Figure 28—Effect of testing temperature on hydrogen embrittlement of 
a 3 percent Cr-Mo steel.” 


Hobson and Sykes** have shown by means of ten- 
sile tests that the reduction in area of hydrogen- 
charged steels decreased rapidly as the strength level 
was increased. Their data“ for a 3 percent Cr-Mo 


(1) Data were taken from Figure 9 of Reference No. 21. Data for the 
41-47 tsi strength levels were omitted for the reason given in a 
previous footnote. 


TABLE 5—Summary of Test Data for Substitute Bolting Materials Exposed in an H.S-H.O 


System at 40 C and 250 psi 


Average Physical 
Properties of Bolts? | | 


| Yield | Ultimate| Range of |Number|Number| _ Total 

| | Strength,| Tensile Applied |_ of of Exposure 
| Rockwell | psi (0.2% | Strength,| Stress, | Bolts | Bolts Time, 

| Hardness Offset) | i Tested Failed | Months 


el 
| 


90,000 | (45-85,000)3 
5, 125,000 | 65-90,000 
135,000 | 160,000 | 100-125,000 | 


Re 28 | 130,000 | 140,000 | 90-110,000 gs | None 
Re 20 100,000 110,000 


| 100,000 None 
Re 35 | 135,000 180,000 


100-110,000 None 


Rp 90 | 65,000 95,000 (50-95,000)3 None 


1 Test specimens were ?4—1}% inch in diameter stud bolts. 
2 Strength values for Type 316 stainless steel bolts of Rp 86 hardness were obtained from the literature. 
3 These values of applied stress were calculated on the basis of Hooke’s law even though the yield point 


of the bolts had been exceeded. Consequently, these stresses are not representative of the actual bolt stresses, 


Correlation of Hardness with 
Susceptibility to Cracking. The 
susceptibility of Type 4140 bolts 
to sulfide corrosion cracking was 


hardness or strength level of the 
bolts (see Figures 5, 6, 7, 8, and 
10). The strength level (or hard- 
ness) to which a steel is heat 
treated also has a similar strong 
effect on its susceptibility to hy- 


99 99 


drogen embrittlement.!**!: 2? ?8 Inconel 


Bolting Material! 
K-Monel 


eoad Inconel X 
(1 Data were taken from Figure 3 of Reference 

No, 20, Data for a hardness of Re 11 are not 5 Percent Aluminum 
included for two reasons: (1) prolonged Bronze... 

tempering was used to obtain such a low 
hardness ana (2) the results obtained at 20 
C for a 3 percent Cr-Mo steel of Re 11 hard- 
ness did not agree with previously reported 
results for other steels at the same strength 
level (see Figure 13 of Reference No. 21). 
The latter observation indicated that at 
these low strength levels some embrittling, 
effect other than hydrogen was influencing 
the ductility of the 3 percent Cr-Mo steel. 


75ST Aluminum.. 


but are indicative of the total strain introduced in stressing. 


TABLE 6—Summary of Test Data for Substitute Bolting Materials Exposed in an H.S-H.O 
z System at Room Temperature and Atmospheric Pressure 
found to be directly related to the — a 


Average Physical 
Properties of Bolts? 


| 
sors Tal 
Yield | Ultimate Range of INumber|Number| Total 
| Strength,| Tensile Applied of | of Ex ure 
Rockwell | psi (0.2% | Strength, Stress, Bolts | Bolts ime, 
Hardness | Offset) psi psi | Tested Failed | Months 


Re 22 105,000 125,000 | 70-90,000 


2 | None 
Re 33 | 135,000 
| 


160,000 | 105-125,000/ 2 | None 
Re ¢ 130,000 140,000 80-110,000 8 | None 
| 90-95,000 | 2 | None 
180,000 | 100-125,000| 4 | None 


Re 20 | 100,000 | 110,000 
Re 35 | 135,000 | 


Rp 90 65,000 | 95,000 50-60,000 | | 1 

| } (65-75,000)3 | ; None 
60-70,000 | 
(110,000) 4 


Rp 90 80,000 | 90,000 


1 Test specimens were %4—% inch in diameter stud bolts. 

2 Strength values for 75ST aluminum bolts of R» 90 hardness were obtained from the literature. 

3 These values of applied stress were calculated on the basis of Hooke’s law even though the yield point 
of the bolts had been exceeded. Consequently, these stresses are not representative of the actual bolt stresses, 
but are indicative of the total strain introduced in stressing. 
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Figure 29—Effect of hardness on hydrogen embrittlement of a 3 percent 
Cr-Mo steel.” 


TABLE 7—Cracking of Type 4140 Bolts in an Inhibited 
Hydrochloric Acid anne Selution* 


Number Number 
of Bolts of Bolts 


Pickled Failed 


60-70,000 10 10 

20-35,000 | 10 0 
Re 30-34... ; ; 105-120,000 10 4 
Re 30-34... is | §0-70,000 | 16 0 
| | 


Range of 
Applied 


Hardness Range Stress, psi 


Re 40-42... 
Re 39-43... 


* All pore were picked in pili on test edie for 2 hr. in a pic nmin saleaies 
consisting of 10% HC1 (by weight) and 0.2% of Barrett Pickling Compound 
No. 53 (by volume). About 100 g. of sulfide scale was added to the system to act 
as a poison. 


steel (0.26 percent C) have been replotted in Figure 
29 for five levels of hydrogen content. (The specimens 
were charged with hydrogen by both electrolytic 
and high-pressure heating techniques.) Note the 
sharp decrease in reduction in area that occurred as 
the hardness was increased from R, 35 to R, 45. 
The curve in Figure 29 for a hydrogen concentra- 
tion of 10 ml1/100 g is particularly pertinent in the 
case of the bolting study. The hydrogen content of 
steel specimens exposed to a pressurized H.S-H.O 
system at 40 C for two weeks averaged between 9 
and 11 ml/100 g. (These values represent the amount 
of hydrogen collected at room temperature over mer- 
Note 
the similarity in the shape of the 10 m1/100 g curve 


cury immediately following the test exposure.) 


Figure 29 and the cracking curve in Figure 6. The 
rapid decrease in reduction in area in Figure 29 be- 
tween R,. 30 and R. 40 appears to parallel quite 
closely the increase in cracking susceptibility in Fig- 
ure 6 between R, 27 and R, 40. 


Parallel Cracking Behavior of Bolts in Sulfide 
Environments and in Pickling Solutions. Pickling in 
acid solutions is known to cause hydrogen embrittle- 
ment of both mild and hardened steels.**** To deter- 
brittlement on hard- 
Type 4140 bolts, a series of bolts 
were exposed under 


mine the effect of hydrogen em 
ened and drawn 
stress to an inhibited 10 percent 


hydrochloric acid solution for two hours. Sulfide 
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All samples wore pickled for 40 mia. In on 
18.9% HCI + $00, soletion prior to bending 


Angle of Bend te Feilere, ° 


3s o 
Avorege Rockwall C Heordness of Bend Spe: imen 


Figure 30—Effect of hardness on hydrogen em- 
brittlement of a 12 percent Cr steel.” 


scale was added to the pickling solution to promote 
the entry of hydrogen into the bolts. The data in 
Table 7 show that the cracking behavior of the bolts 
in the inhibited acid pickling solution was similar in 
two respects to the cracking behavior in H,S-H,O 
systems. First, the harder bolts were more suscepti- 
ble to cracking; 100-percent of the R, 40 bolts failed 
at 60-70,000 psi while none of the R, 30 bolts failed 
at that stress level. Secondly, increasing the applied 
stress increased the susceptibility to cracking. For 
example, at each of the two hardness levels there was 
a definite stress level below which no cracking 
occurred. 

Durkin*® also has shown that the degree of hydro- 
gen embrittlement caused by acid pickling solutions 
is directly related to the hardness level. He exposed 
12 percent Cr steel samples of varying hardness to an 
18 percent HCl pickling solution to which SeO, was 
Constant rate bend tests were 
then made on the specimens to determine the loss in 
ductility due to hydrogen. Durkin’s data for a 40 
minute exposure in the acid pickling solutien have 
been replotted in Figure 30. The angle of bend to 
failure clearly decreased with increasing hardness. 
Note that at a hardness of R. 25 the specimen bent 
through an angle of 180 degrees without failure. The 


added as a poison. 


curve in Figure 30 for hydrogen embrittlement due 
to acid pickling is quite similar in appearance to that 
in Figure 6 for sulfide corrosion cracking. 
Summary 
1. Failure of Type 4140 bolts by sulfide corrosion 
cracking was observed in H,S-H,O systems at 
temperatures of 20 C to 120 C and at pressures 
of 1 to 17 atmospheres. The susceptibility to 
cracking increased with increasing bolt hard- 
increasing applied stress, 
amounts of plastic deformation, and decreas- 
ing test temperature. 


ness, increasing 


a. In the absence of plastic deformation, no bolt 
failures occurred at hardnesses below R, 27 
even under stresses approaching the yield 
strength of the material. In the hardness 
range of R, 27-55, the cracking susceptibility 
increased with increasing hardness and in- 
creasing applied stress. For each hardness 
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level, there appeared to be a minimum or 
threshold stress required to produce crack- 
ing. Increasing the hardness lowered the 
minimum stress for cracking. 


. Plastic prestraining of the bolts (1) lowered 

the minimum hardness for sulfide corrosion 
cracking from R, 27 to R, 22 and (2) in- 
creased the number of bolt failures in the 
hardness range of R, 27-33. 


>. Increasing the test temperature from 40 C 
to 120 C greatly reduced the tendency for 
sulfide corrosion cracking. The pressure of 
the test system, in the range of 1-17 atmos- 


ote | pheres, had little effect on the occurrence 

. in of cracking. 

olts . The time for failure by sulfide corrosion 

rin § cracking decreased sharply with increasing 

1,0 hardness and decreased to a much lesser de- 

pti- gree with increasing applied stress and in- . wiaecaiaua 

led §— creasing amounts of plastic deformation. Figure 31—Sketch — Allen head cap 

= . The use of protective metallic coatings and the 

hi aagni of conrosion iniibitors to - test sys- A.T. (07-2)-1 for the Atomic Energy Commission, 
: tem were evaluated as means of preventing the whose permission to publish is gratefully acknowl- 

eae sulfide corrosion cracking of Type 4140 bolts. edged. 7 

ing 


lro- 
ons 
sed 
» an 
Vas 
ere 
sin 


40 


| to 


a. An electroplated coating of nickel (0.005 
inch thick) provided adequate protection 
against sulfide corrosion cracking. Other 
types of electroplated coatings such as Cd, 
Zn, Pb, Cr and brass did not give reliable 
or consistent protection. 


. Addition of inhibitors to the liquid phase of 

the test system reduced, but did not elemi- 
nate, the failure of bolts exposed in the 
liquid phase. 


. The following bolting materials were com- 
pletely resistant to sulfide corrosion cracking 
under those conditions tested: Inconel, In- 
conel-X, K-Monel, and annealed Type 316 
stainless steel. Type 75ST aluminum and 5 
percent aluminum bronze were susceptible to 
a minor degree to stress corrosion cracking in 
one H,S-H.O system. 


. The failure of Type 4140 bolts in aqueous H.S 

systems appears to be best explained on the 
basis of hydrogen embrittlement. The sulfide 
corrosion reaction serves to charge the steel 
with hydrogen and to create pits or notches 
which act as sites for crack initiation. 
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APPENDIX 
The derivation of the formula used for calculating 
stress on 3g inch Allen head cap screws from meas- 
used values of elongation is given below. A sketch 
of the Allen head cap screw may be found in Fig- 
ure 31. 


a ee Stress P/A 1) 
ooke’s Law: F en ( 
7 Strain e/L 
where P load, A = area, e elongation, 
L gage length over which elongation 


modulus of elasticity. 


occurs, and F 
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oi. Sis rekes Ce PL 
Solving Equation (1) for e:e = EA (2) 


Let: eu = elongation of unthreaded shank of bolt 
et = elongation of threaded region within gage length 
of bolt (gage length included one-half of the nut 


thickness). 
e =total elongation of bolt 
Then: e= eu+ et (3) 


Substituting Equation (2) in Equation (3): 


, Pl. | Ple A ay 
cea Tin. Eh a. Tt (4) 


where Ly = length of unthreaded shank = 0.250 in. 
it = length of threaded region = 0.812 in. 
Au = area of unthreaded shank = 0.111 sq. in. 
At = minimum area of threaded region = 0.0701 sq. in. 


Substituting Numerical Values in Equation (4): 


7 P (434 0.812 ) —462X10"P (5 

©€=30 x 10°\ 0.111 + 00701 ) = 462 x (>) 

P= 216% 10e (6) 

\ . - “= 2 I -S e ~ - = —— Po = 
Maximum stress in bolt: S max. = A (min.) ~ 0.0701 (7) 


Substituting Equation (6) in Equation (7): 


2.16 X 10% _ 


Smax = 0.0701 3.08 X 10%e (8) 


Maximum stress in bolt = (3.08 X 10’) (measured elongation) 


Any discussions of this article not published above 


will appear in the December, 1957 issue. 
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Thermoplastic Materials for Pipe* 


By P. M. ELLIOTT 


Introduction 

HE PRODUCTION and installation of pipe is 

big business. At the present time more than 
nine million tons of ferrous pipe and tube alone are 
sold annually. It has been estimated that the annual 
bill for corrosion of pipe is a staggering six hundred 
million dollars. It is small wonder, then, that in 
recent years much attention has been paid to new 
materials for the production of pipe. 

Plastics with their low specific gravity, generally 
good chemical resistance, good electrical properties, 
and general ease of handling are obvious raw mate- 
rials for pipe. It is not surprising that during the last 
decade ever increasing amounts of plastic materials 
have been going into pipe production. 


Thermoplastics Used in Pipe 

The currently important thermoplastics for pipe 
production are polyethylene, acrylonitrile copolymer 
blend compounds, cellulose acetate butyrate, poly- 
vinyl chloride, and polyvinylidene chloride. It is 
very difficult to obtain accurate estimates of the 
amounts of these materials that have been used in 
pipe, but published figures seem to divide the market 
much as indicated in Table 1. The relative im- 
portance of the two types of materials has changed 
during this period, but during the last five years 
polyethylene has constituted a major portion of the 
total thermoplastic used. It is expected that large 
amounts of polyethylene will continue to be used, 
but the special properties of other materials—notably 
polyvinyl chloride and acrylonitrile copolymer blend 
materials are expected to increase their share of the 
total market. 


General Properties of Plastic Pipe 

Advantages 

As a class, plastic materials have certain general 
advantages relative to the metals commonly used for 
pipe production. Plastics have considerably lower 
density than even aluminum; hence, plastic pipe is 
light in weight, which makes it easy to handle, easy 
to ship, and easy to store. The generally good elec- 
trical properties of plastic materials eliminate the 
electrolytic effects which are proving so trouble- 
some in many pipe installations. Even metals that 
are not attacked by direct corrosive action may be 
damaged by electrolysis. Plastics in general are not 
subject to “corrosion.” Resistance to acids, alkalies, 
salts, and oxidizing media vary widely from material 
to material, but many of the plastic pipe materials 
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Abstract 
The general properties of plastic pipe are outlined 
and comparisons made with metal pipe. Particular 
attention is given to polyethylene, acrylonitrile co- 
polymer blends, cellulose acetate butyrate, polvinyl 
chloride, and polyvinylidene chloride. Heat distortion 
temperatures and range of recommended tempera- 
tures are given for these materials. Data showing rate 
of testing versus fiber stress at burst, fiber stress versus 
time to fail, hoop stress versus service life, tensile 
stress versus time to rupture, fiber tress at burst 
versus temperature, tensile strength versus tempera- 
ture and safe hoop stress versus temperature are 
given for some of these plastics. The joining of plas- 
tic pipe is discussed briefly. Other topics considered 
include long term effects of stresses, temperature 
effects, and new developments in plastic piping. 7.2 


have good general chemical resistance. This is of im- 
portance from the consideration not only of the ma- 
terials being carried within the pipe but also of the 
external surroundings. Many soils and atmospheres 
have proven highly corrosive to metallic pipe. 

Plastics, in general, have little or no tendency to 
introduce contamination into materials being trans- 
ported. In metal pipes, rates of solution which may 
not be serious from the point of pipe corrosion may 
still be detrimental because of the catalytic effects 
of many metal ions even at low concentrations. 

From the standpoint of long-term economy, plas- 
tics frequently have an advantage over metal pipe. 
Even in cases where the initial per foot cost of the 
plastic pipe may be higher than for some other types 
of pipe, ease of installation and long life expectancy 
of plastic pipe add up to a more economical installa- 
tion than a corresponding metal piping system. 


Limitations 

It must be kept in mind that plastic piping has 
certain definite limitations. The thermoplastic pipe 
materials in general have considerably lower tensile 
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Figure 1—Rate of testing versus fiber stress at burst for acrylonitrile 
copolymer blend pipe. 


TABLE 1—£Estimated Production of Thermoplastic Pipe in Millions 























of Pounds 
YEAR 
ITEM 1950 1951 | 1952 | 1953 | 1954 1955 Est. 1956 
Flexible Pipe... 20 45 | 9.0| 23.0% 32.0* 42.0 | (50) 
Rigid Pipe. Skala 5.0 | 5.5 6.5 8.5 | 13-14 | (18-19) 
Total... | 53 | 95 | 145] 29.5 | 45-46 | (68-69) 


40.5 


*JIncludes scrap estimated Jat 5 million in 1953; 10 million in 1954; 12 million 
in 1955. 


strength than the metals. As a result, plastic piping 
is limited to low or moderate pressure installations. 

The fact that thermoplastics soften when heated 
means that they lose strength as temperature is 
raised; hence the upper temperature limit of service- 
ability is relatively low. Even the best present 
thermoplastic pipe usually is not recommended for 
use at temperatures above 170 F in applications 
where there is much, if any, internal pressure. A 
few experimental installations have been made at 
temperatures as high perhaps as 220 F but this is 
certainly an upper limit for current pipe materials. 

As mentioned above, the chemical resistance of 
each material is an inherent characteristic. The 
choice of pipe material will be dictated by the chemi- 
cals with which it is to come in contact and must 
be the subject of careful study. In many cases, the 
material manufacturer and the pipe producer will 
not have definite information on the resistance of a 
given pipe material to a specific set of corrosive 
conditions. It then becomes necessary for the pur- 
chaser of the pipe to make a test installation or to 
take a calculated risk on the basis of the information 
which is available. 

The moderate stiffness of thermoplastic pipe ma- 
terials plus the fact that they are subject to flow 
when stressed, particularly if the temperature is 
high, means that extra care must be taken in the 
support of above ground installations. Another fac- 
tor which has frequently been overlooked and which 
has caused failure in some pipe installations is the 
relatively high coefficient of thermal expansion of 
plastic materials. Most thermoplastics have coeffi- 


cients of thermal expansion at least five times that 
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Figure 2—Fiber stress versus time to fail for 14-inch acrylonitrile 
copolymer blend pipe at 73 F. 


of steel and, for some materials, the difference may 
be as high as fifteen times. 


Joining of Plastic Pipe 

The lack of availability of suitable fittings and 
valves for use with plastic pipe has been and con- 
tinues to be a problem in the growth of many appli- 
cations. In the early application of plastics in the 
piping field in this country, much flexible material 
was used. The pipe was made available in long 
coiled lengths which, among other things, decreased 
the number of fittings required in any given installa- 
tion. Metal insert fittings and metal clamps were 
used to fasten together the individual lengths of 
pipe. As suitable injection molding compounds be- 
came available, plastic fittings were developed and 
most flexible pipe is now joined with plastic insert 
fittings. Metal clamping bands are still commonly 
used. 

lor the joining of rigid pipe, several methods have 
been employed, For the heavier wall IPS schedule 120 
and IPS schedule 80 and to some extent IPS schedule 40 
pipe made with acrylonitrile copolymer blends, Type II 
PVC and polyvinylidene chloride standard threaded fit- 
tings have been used. It has been found that ordi- 
nary pipe threading equipment used with reasonable 
care will form suitable threads on these pipes. In 
recent months there has been a trend away from the 
use of threaded fittings with the thinner wall IPS 
schedule 40 type pipe. The threaded fittings have 
been used most extensively in chemical plant in- 
stallations of pipe where frequently there are rela- 
tively complex installations requiring many fittings. 

A second method of joining rigid pipe is by solvent 
or cement welding. A completely different schedule 
of pipe sizes designated as SWP (solvent weld pipe) 
has been developed for this system of joining. This 
new schedule of sizes was designed primarily to 
prevent ill-advised attempts at threading since, in 
general, the wall thickness is less than the IPS 
schedules suitable for threading. SWP pipe has been 
widely used with cellulose acetate butyrate, acrylon- 
itrile copolymer blends, and both types of PVC. At 
the present time, non-threaded fittings suitable for 
use with IPS pipe are being produced and the solvent 
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weld technique is being used with the thinner wall 
IPS schedule 40 and schedule 20 pipe. 

Welding has been used as a method of joining 
Type I PVC and polyvinylidene chloride pipe. The 
technique has been employed extensively in Europe, 
particularly for the joining of large diameter PVC 
pipe or for the fabrication of fittings and special 
shapes. There has been less wide-spread use of the 
technique in this country, except for the production 
of special fittings and valves. 

At the present time, several manufacturers are 
furnishing fittings and valves made from all the 
common pipe materials with the exception of poly- 
ethylene. Most of these fittings are injection molded. 
To indicate the complexity of the problems of the 
fitting manufacturer, one has merely to note that 
one manufacturer lists over 600 types and sizes of 
SWP and IPS fittings for each of three different 
materials. 

Fer use with SWP pipe, extruded couplings have 
been employed. Since these couplings in general are 
not tapered, considerable trouble has been experi- 
enced with the fit of such joints. As a result most 
manufacturers are looking with increased favor to- 
ward injection molded fittings. Valves, either fabri- 
cated or molded in accordance with special patented 
designs, are available in a wide range of sizes for 
use with most of the rigid pipes. 


Long-Term Effects 


It has long been known, although apparently 
sometimes overlooked, that materials cannot sustain 
for long times the stress levels determined in short 
term tensile tests. At stresses considerably below 
these “tensile” figures, the materials are subject to 
creep or may even fail by complete rupture. Of 
importance for any application involving continued 
stress is a knowledge of how high a stress can be 
applied to a given material without causing undue 
creep and/or rupture. A self-explanatory name which 
has been applied to this maximum stress level is 
“the long-term effective tensile.” 

To illustrate the derivation and significance of 
long-term effective tensile figures, consider a series 
of tests run on acrylonitrile copolymer blend ma- 
terials. Figure 1 illustrates the effect of rate of test- 
ing on the tensile strength of one of these com- 
pounds. If pressure in the pipe is increased rapidly 
enough to bring about burst in about '% minute, 
the fiber stress at burst is 5400 psi. If pressure 
increase is less rapid, so that the duration of test is 
about five minutes, the fiber stress at burst is about 
4900 psi. It is obvious that extension of such a test 
to a point to where burst would take place in, for 
example, ten years would give a figure considerably 
below this level. 

No method is available to the author to determine 
what stress could be supported for ten years, other 
than to stress pipe at varying levels and hold it 
under pressure to see how long it will last. Figure 2 
shows data obtained in such a series of tests on pipe 
made with acrylonitrile copolymer blends. The short 
horizontal lines indicate the spread of data obtained 
at replicate tests. The long parallel lines on the 
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1 year at 1550 PSI Fiber Stress 
5 years at 1370 PSI Fiber Stress 


10 years at 1330 PSI Fiber Stress 
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Figure 3—Extrapolation of data showing fiber stress versus time to fail 
for 114-incn acrylonitrile copolymer blend pipe at 73 F. 
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Figure 4—Hoop stress versus service life at 113 F of polyethylene pipe 
(annealed specific gravity 0.914). 


graph enclose the experimental results and indicate 
the trend shown by the data. 

Figure 3 shows a replotting of the average re- 
sults for several series of such long-term stress tests. 
A line has been drawn through the lower edge of 
this pattern of results and extended to give an ex- 
trapolation to longer life periods. On the basis of 
this extrapolation, it is predicted that at 1550 psi 
fiber stress the acrylonitrile copolymer blend pipe 
would have a minimum average life of one year; at 
1370 psi fiber stress, the minimum average life should 
be five years; and at 1330 psi fiber stress, the mini- 
mum average life should be ten years. On the basis 
of such data plus available field experience, the 
“long-term effective tensile” for the acrylonitrile 
copolymer blend material now used in the produc- 
tion of pipe has been set at 1220 psi at 73 F. 


Bragaw' has published results of a similar study 
on polyethylene. Figure 4 illustrates the data for a 
standard high pressure polyethylene of the type used 
for pipe production. 

Atkinson? quotes similar data based on German 
experience on unplasticized PVC. Figure 5 shows 
the nature of the results obtained in this work. 
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Figure 5—Tensile stress versus time to rupture at 68 F for unplasticized 
PVC. 


Similar data on cellulose acetate butyrate, poly- 
vinylidene chloride or American PVC Type I or 
Type II have not, apparently, been published up to 
the present time. Several papers are available indi- 
cating the long-term changes in diameter for cellu- 
lose acetate butyrate pipe at various stress levels. 
One paper on Type I and Type II PVC correlates 
creep with time by using a term called “the time 
dependent modulus.” The data in these papers does 
not seem to correlate directly with the above- 
reported studies. 

It is obvious that proven “long-term effective 
tensile” figures for various materials are not avail- 
able at the present time. The best that can be done 
is to extrapolate presently available short-term and 
intermediate term data and correlate this in so far 
as possible with experience. On the basis of this, a 
Sub-Committee of the Thermoplastic Pipe Division 
of the SPI have recommended that for use at 100 F, 
the long-term effective tensiles of Type I PVC’s be 
set at 1200 psi; the acrylonitrile copolymer blend 
materials and Type II PVC are rated at 1000 psi; 
cellulose acetate butyrate is rated at 700 psi. 

Efforts to determine maximum tolerable stress 
levels in plastics for continuous service in pipe 
and/or in other shapes are not limited to this coun- 
try. Technical men in Europe, working through the 
International Standards organization, are making 
estimates of values for maximum allowable stress. 
\ recent article in Modern Plastics* quotes figures as 
follows: 


For rigid PVC (European material, prob- 
ably similar to Type I here) 60 Kg/sq cm 
at 20 C (Equivalent to 850 Ib/sq in at 68 F). 
For high pressure (low density) polyethyl- 
ene 30 Kg/sq cm at 20 C (425 Ib/sq in at 
68 F). 


For rigid polyethylene (the low pressure, 
high density type probably made by the 
Zeigler method) 50 Kg/sq cm at 20 C (720 
lb/sq in at 68 F), 
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Figure 6—Fiber stress at burst versus temperature for acrylonitrile 
copolymer blend pipe. 


secause of differences in temperature and even in 
materials tested, it is impossible at the present time 
to say how these figures correlate with data gathered 
here. 


Temperature Effects 

Since the materials under discussion are all thermo- 
plastic and, therefore, soften with increasing tem- 
perature it is obvious that temperature must have a 
significant influence on strength characteristics. Pub- 
lished data indicates the effect of temperature on 
short-term tensile. Figure 6* shows the effect of 
temperature on the fiber stress at burst of acrylon- 
itrile copolymer blend pipe. Figure 7° shows the 
effect of temperature on the tensile strength on 
Type I and Type II rigid PVC compounds. Figure 8° 
is a little bit different in that it shows the effect of 
temperature on the “safe hoop stress’ for cellulose 
acetate butyrate pipe on the basis of long-term creep 
tests. 

Another method of evaluating the strength of 
plastic material at elevated temperatures is the 
standard ASTM heat distortion test D648-45T. This 
test is a combination of flexural modulus and creep 
and therefore gives a somewhat different rating than, 
for example, simple tensile tests. The heat distortion 
temperatures for the thermoplastic pipe materials 
are shown in Table 2. 

On the basis of such figures together with “case 
histories” of actual installations, the upper limits for 
the use of various pipes have been published in many 
places. Table 3 lists such recommended upper tem- 
perature limits. In the first column is indicated the 
range of recommendations and in the second column 
what seems to be the most generally used upper 
temperature limit. 


Available Pipe Sizes 
In answer to the question of what sizes of plastic 
pipe are currently available, a frequent answer would 
be “too many.” Attempts are, however, being made 
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Figure 7—Tensile strength versus temperature for polyvinylchloride. 


to standardize sizes. Most of the rigid pipes are 
being produced to IPS standards for some or all of 
the following schedules: 20, 40, 80 and 120. In addi- 
tion to this, the SWP schedule of sizes is being used 
for cellulose acetate butyrate, acrylonitrile copolymer 
blends, and PVC. Special sizes corresponding to 
[ype K copper tubing specifications have been pro- 
posed for insert gas services made with several of 
the rigid plastics. Other special sizes are being used 
in some applications. 

Commercial standard CS197-54 has been estab- 
lished to specify dimensions and tolerances for flex- 
ible standard - wall polyethlene pipe. Industry 
standards also have been established or are in prepa- 
ration for other sizes of polyethlene pipe, for cellu- 
lose acetate butyrate pipe (SWP specifications), for 
rigid PVC pipe, and for styrene-rubber pipe (includ- 
ing the acrylonitrile copolymer blend materials). 


Applications of Plastic Pipe 

In considering the applications of the various 
thermoplastics in the field of plastic piping, it is 
necessary to differentiate between the different types 
taking into account their general physical properties 
and chemical resistance characteristics. The special 
features of the various materials also will be con- 
sidered. 


Polyethylene 

Polyethlene, because of its lower modulus, is 
normally classified separately from the other thermo- 
plastic pipe materials since it gives a “flexible” pipe 
rather than a truly rigid one. Currently, polyethylene 
is used in the largest volume of any plastic pipe 
material. It has the lowest gravity and the lowest 


TABLE 2—Heat Distortion Temperatures (ASTM D 648-45T) 


MATERIAL ‘ 264 psi 


el re Sass ans ; 105-121 
Acrylonitrile Copolymer Blends... .. Pe 20: 185-190 
Polyvinyl Chloride Type I Sheree a 160-165 
Polyvinyl Chloride Type II aa : migra 150-155 
Cellulose Acetate Butyrate : a : 76 146-152 
Polyvinylidene Chloride. . ae , 5 130-150 


MATERIALS FOR PIPE 


HOOP STRESS, Pol 


80 100 


TEMPERATURE, °r 


Figure 8—Safe hoop stress versus temperature for cellulose acetate 
butyrate pipe. Data are based on long term creep tests. 


per pound cost; hence it may be expected to be the 
least expensive which will tend to maintain high 
volume. Its flexible nature and its toughness over 
a wide temperature range permit exposure to freez- 
ing without damage. Polyethylene in sizes up to 
2 inches currently is supplied in long coil lengths, 
thus permitting economies in installation of long 
lines through reduction in the number of joints re- 
quired and the time necessary for laying the pipe. 
The relatively low tensile and low softening point of 
polyethylene limits its use to moderate pressures 
and temperatures. The softness makes it susceptible 
to cutting damage in handling or in burial. Poly- 
ethylene has excellent corrosion resistance to prac- 
tically all acids, alkalies and salt solutions except for 
strong oxidizing media. It is, however, susceptible to 
a phenomenon of stress cracking which is accentuated 
by certain polyoxyethylene type organic materials. 

The main applications of polyethylene are in 
handling cold water. It is used in a large percent of 
jet-well installations and in many rural domestic, and 
farm water systems. Lawn sprinkler systems and 
large irrigation systems are using large amounts of 
polyethylene and it has found favor in handling cor- 
rosive waters in applications such as mine drainage. 
Its good low temperature properties have permitted 
its use as cooling coils in skating rinks, and it also 
has been used as the heat coils in radiant heating 
installations wherein it gains support by being buried 
in concrete. 


Acrylonitrile Copolymer Blends 


The acrylonitrile copolymer blends were the first 
commercial products to offer the pipe extruder a 


TABLE 3—Upper Temperature Limits 


| Range of 


|Recommen-| Used Upper 
dations | Limit 


MATERIAL 
Polyethylene. . Bs 
Acrylonitrile Copolymer Blends. 
Polyvinyl Chloride Type I.. 
Polyvinyl Chloride Type II. 
Cellulose Acetate Butyrate 
Polyvinylidene Chloride. . 


105-130F | 120F 
150-180F | 170F 
130-170F | 145F 
130-170F 140F 
140-160F 140F 
100-170F ‘a 





54 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


truly hard rigid material that was also tough. Be- 
sides their unique combination of hardness and high 
impact, these plastics have excellent chemical re- 
sistance; they are considerably lower in specific 
gravity than any of the other rigid pipe materials. 
In addition they have high heat distortion tempera- 
ture and so retain usable strength at higher tempera- 
tures. In plant operations it has been found that the 
materials can be reprocessed without deterioration of 
properties unless subjected to extreme conditions. 
The acrylonitrile copolymer blend compounds thus 
offer the pipe extruder and the user of plastic pipe 
an unusual combination of properties which has re- 
sulted in a continued rapid increase in the volume 
use of these materials for piping. 

To indicate the use pattern, a recent survey indi- 
cates that after eight years of use installations are 
as follows: In the oil fields there is nearly 1,600 miles 
of lines divided almost evenly between salt water dispcsal 
and oil gathering or flow lines. For the transmission 
of natural gas, chiefly for the operation of irrigation 
pump engines, more than 2,200 miles of pipe have 
been installed. In industrial plants (chemical, metal- 
lurgical, and allied industries) it is found that the 
total is more than 530 miles, and for miscellaneous 
uses (potable water, underground conduit, domestic 
gas, and the transportation of irrigation water) the 
use totals more than 160 miles. This adds up to more 
than 4,400 miles of total pipe. 


Cellulose Acetate Butyrate 

Cellulose acetate butyrate gives what might really 
be called a semi-rigid pipe. It is intermediate in the 
field of non-flexible pipe materials in weight or dens- 
ity and has moderate chemical resistance (material 
is decomposed by strong acids and alkalies). Al- 
though usually pigmented black it can be produced 
as a clear transparent pipe, and this has opened 
certain special uses. It has generally good aging 
characteristics, although even at moderate pressures 
and temperature the pipe tends to creep or increase 
in diameter. Cellulose acetate butyrate has been used 
extensively in the oil and natural gas fields. It has 
been particularly useful in handling high paraffin 
crudes where it shows less tendency toward paraffin 
buildup. 


Polyvinyl Chloride 

There are two main classes of rigid polyvinyl 
chloride pipe compounds currently in use—Type | 
“normal impact” and Type II “high impact”. These 
materials are the latest addition in this country to 
the field of rigid pipe manufacture, although ma- 
terials of the normal impact type have been used 
in Europe for almost twenty years. Polyvinyl chlo- 
ride has high density (relative to the other plastics), 
high strength, generally excellent chemical resist- 
ance, and good aging characteristics. It is  self- 
extinguishing. Because of thermal instability at 
temperatures slightly above normal processing con- 
ditions, the material offers problems in production of 
pipe and fittings. 


The Type I material may be relatively brittle and 
under some conditions, particularly if reworked ma- 
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terial is used, its chemical and solvent resistance may 
be affected. The Type II, high impact material is, 
as its name implies, much tougher than Type I com 
pounds but because of the added compounding in 
gredients has slightly decreased chemical and solvent 
resistance. The long history of use of polyviny! 
chloride in Europe has been restricted largely t 
chemical plant installations. The rapidly expanding 
use of it in this country includes not only chemica 
plant installations but also extensive use in oil fields 
as flow and brine disposal lines, for handling natura 
gas, and for many applications in the handling o 
clean or corrosive waters. 


Polyvinylidene Chloride 

Polyvinylidene chloride is probably the oldest 
thermoplastic pipe materials in this country with re- 
spect to use. It has long been produced in heavy 
wall sizes for use in chemical plants or other loca- 
tions where its excellent corrosion resistance out- 
weighs the disadvantage of extreme brittleness. The 
material has the highest specific gravity of the plastic 
pipe materials and a very high coefficient of thermal 
expansion. It has been joined by the use of threaded 
fittings and also by hot gas welding. The material is 
non-flammable. In addition to its use as extruded 
pipe in the chemical industry, polyvinylidene chlo- 
ride has found a considerable application as a chem- 
ical resistant lining for steel pipe. 


New Developments 
Several materials give promise of becoming factors 
in the field of plastic piping. 


Low Pressure Polyethylene 

The low pressure polyethylenes made by the 
various widely publicized new techniques will un- 
doubtedly find some use as plastic piping. They are 
considerably stronger in short term tests than 
standard polyethylene, but it now appears that the 
long term effective tensile of the low pressure ma- 
terials is likely to be only 1% to 2 times that of the 
standard material. Low pressure polyethylene has 
a higher softening point than the standard poly- 
ethylene, but published comments on its heat re- 
sistance appear to be overly optimistic. In the 
standard ASTM heat distortion test at 264 psi the 
material shows the heat distortion temperature in 
the range of 120F, a lower figure than other rigid 
pipe materials. Its increased stiffness will take it 
out of the class of flexible pipe into a semi-rigid 
type so that insert fittings such as used with standard 
material will not be satisfactory. This poses a con- 
siderable problem in the joining of pipe made with 
the new material. 


Irradiated Polyethylene 

The exposure of polyethylene to high intensity 
radiation brings about a type of “cure”, especially 
when the material is loaded with carbon black. Such 
“cured” material is more chemically resistant and 
has higher strength and less creep than standard poly- 
ethylene. Although the pipe is originally formed by 
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ihermoplastic extrusion techniques, the irradiation 
in effect thermosets the material so that it will no 
longer melt. Irradiated polyethylene has been re- 
ported to have strengths as high as 500 psi at 300F. 
Che high carbon black loading of the irradiated ma- 
erial has made it electrically conductive which again 
ets it apart from most plastic materials. The eco- 
1omics of the irradiation process, hence the eventual 
.pplicability in the field of pipe production, are still 
incertain. 


“luorinated Hydrocarbons 

Recent advances in the processing of tetrafluoro- 
‘thylene and chlorotrifluoroethylene have aroused 
interest in these materials for use in pipes subject 
to unusual corrosive conditions. Costs are still ex- 
tremely high relative to other plastic materials, hence 
the market will be of necessity relatively restricted. 


improved Materials 

Considerable research is being expended in many 
laboratories on improvements in current pipe mate- 
rials. Changes in the basic polyvinyl chloride polymer 
and methods of stabilization and internal lubrica- 
tion can be expected to result in better “PVC” pipe 
materials. The acrylonitrile copolymer blend system 
is an extensive family of plastics and other members 
of this family will give stronger pipe materials 
serviceable over a wider temperature range. Modifi- 
cations of current materials such as the terpolymers 
of acrylonitrile, butadiene, and styrene can be ex- 
pected to give products with a new combination of 
properties which may prove valuable as raw ma- 
terials for plastic pipe. The tremendous effort being 
put into the study of ethylene polymerization is ex- 
pected to result in greatly increased knowledge of 
means of improving the overall performance of the 
various types of polyethylene. 


Conclusions 
The use of plastics for the production of pipe on 
a large scale dates back only about five years. Never- 
theless, the industry has already grown to be an 
important factor in the over-all pipe field. Plastics 
are not going to supplant metal pipe, but have al- 
ready been proven to be valuable supplements to 


metal pipe. Applications will certainly expand rapidly 


even on the basis of currently available materials, 
and new and improved materials can be expected to 
accelerate this expansion. 


THERMOPLASTIC MATERIALS FOR PIPE 
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A Review 


Titanium, Zirconium and Tantalum 


For Control of Corrosion* 


By WILLIAM E. LUSBY, JR. 


Introduction 

URING THE last decade an unprecedented rev- 

olution has occurred in the metallurgical field. 
The evolution of the aviation gas turbine engine, 
high-performance airframes and the subsequent con- 
version of the Air Force to jet propelled craft have 
resulted in demands for new and improved metals 
and alloys. Coincident with this development has 
come the almost unbelievable advancement in the 
field of nuclear energy. Construction of equipment 
and plants to produce isotopes and energy has re- 
sulted in an entirely new concept for materials of 
construction and criteria for their selection. During 
this period, the metals industry has risen to the task 
with the development of high-temperature-resistant 
alloys and vacuum metallurgy. The industrial pro- 
duction of titanium and zirconium commenced and 
has assumed commercial prominence. Growth of the 
titanium industry has been expedited by the demands 
of aircraft design, while the use of zirconium has re- 
ceived stimulus from the field of nuclear energy. 

The chemical industry has benefited greatly from 
the above developments. These two new metals had 
long been needed to bridge the gap between the cor- 
rosion resisiance of stainless steel and tantalum. 

In this period of an expanding economy, attended 
by unequaled industrial expansion, full production 
and rising labor costs, sound equipment design and 
low plant maintenance assume a position of prime 
significance in the manufacture of higher quality 
products at low cost. The availability to the corro- 
sion engineer of titanium and zirconium as well as 
tantalum can aid materially in providing dependable 
equipment to fulfill this need. 

It is the purpose of this paper to report on the 
progress made to date in utilization of these metals 
in the process industries and to outline the progress 
that may be expected in the next few years. 


Tantalum 

Tantalum is best known for its resistance to acid 
corrosion, It is completely resistant to hydrochloric, 
phosphoric, sulfuric, nitric and aqua regia at normal 
temperatures and pressures. Frequently, however, 
commercial phosphoric acid contains enough HF to 
seriously attack tantalum. If phosphoric acid is to 
% Submitted for publication June 4, 1956. A paper presented at a 
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Abstract 
The corrosion resistant properties of tantalum, zir- 
conium and titanium are reviewed and progress in 
process applications presented. Fabricating know- 
how and industrial experience have progressed to the 
point that these metals can be accepted as reliable 
materials of construction. Additional fundamental re- 
search is needed, however, to understand the mech- 
anisms of attack and passivity noted. The use of 
these metals can now be economically justified in 
many locations, Volume production and lower prices 
forecast for titanium and zirconium due to defense 
needs will lead to expanded use in corrosion resistant 
applications. 6.5 


be handled above 290 F, in-process tests should be 
conducted since some evidence indicates the metal is 
attacked at elevated temperatures. The halogens, 
chlorine, bromine, and iodine, in liquid or vapor do 
not react with the metal up to 300 F. Tantalum re- 
sists attack by all salts except those which hydrolyze 
to strong alkalis. Nearly all gases with the exception 
of fluorine and nascent hydrogen have no effect on 
the metal under 300 F. Nascent hydrogen in solution 
such as that due to corrosion of other metals will 
embrittle tantalum. Excellent resistance is shown to- 
ward most organic compounds with the exception 
of those that contain fluorine, free sulfur trioxide or 


strong alkalis.'?*4 


Poor Resistance to Alkalis 


The Achilles heel of tantalum is its poor resistance 
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io alkalis or those chemicals which are strongly al- 
aline in nature. Its resistance to sulfuric acid breaks 


lown at temperatures in excess of 340 F. Fuming 


ulfuric acid containing free SO, attacks tantalum 
ven at room temperature. Hydrofluoric acid in trace 
mounts attacks tantalum as it does all other struc- 
ural metals. A brief summary of its corrosion resist- 
nee is shown in Table 1. 

Tantalum’s resistance to acids and its high heat 
ransfer coefficient have led to its widespread appli- 
ation in acid heating and cooling systems. A wide 
variety of equipment is available for this including 
vayonet, coil, hairpin and shell and tube heat ex- 
‘hangers. In most instances, these units are designed 
io operate at steam pressures up to 150 psi. Prob- 
ibly the most widespread use of tantalum in acid 
eaters is in Mantius concentrators for recovery of 
sulfuric acid. A considerable amount of the metal 

lso is used in the construction of hydrochloric acid 
ibsorption systems. 

Even in some applications where the rate of corro- 
sion of less noble metals is sufficiently low to allow 
sound design, tantalum is employed to prevent con- 
amination of the products. Process equipment for 
he manufacture of some pharmaceuticals and fine 
hemicals is a notable example of this design phi- 
osophy. 

\ unique application which has become significant 
s tantalum’s use as a patch material to cover dam- 
ged areas in glass lined equipment. The metal is 
held in place by a stud tapped into the body of the 
vessel. A thin Teflon gasket makes the seal between 
the tantalum and the glass. 

The density of tantalum is approximately twice 
that of steel (.6 pounds/cubic inch), and although it 
has a high melting point (5425 F) it reacts with 
gases of the atmosphere at 500-600 F. At higher tem- 
peratures it reacts with most of the elements. 


High Cost 

Due to the high cost of the metal ($51/lb. for 
sheet), tantalum usually is employed as a lining for 
vessels. The average thickness of liners is only .013 
inch making fabrication costs greater than that of 
heavier gage linings. Fortunately, tantalum work 
hardens very slowly and reductions in thickness of 
up to 60 percent are possible without annealing. 


Zirconium 
Zirconium is next in order of corrosion resistance 
of the three metals under discussion. Currently, three 


TABLE 1—Corrosion Resistance of Tantalum to Various Chemicals 


| 
Generally Good Corrosion | Generally Poor Corrosion 
Resistance | Resistance 
Hydrochloric Acid Ba Hydrofluoric Acid 
Nitric Acid... Snwe es - .| Alkalis 
Sulfuric Acid! | Fuming Sulfuric Acid 
Halogens?...... Fluorides 
Hydrogen Peroxide Alkaline Hypochlorites 
Inorganic Chlorides 
Phosphoric Acid... . 
rganic Acids.... 
-hromic Acid... ‘s 
Vet and Dry Chlorine 


1 Does not apply to fuming sulfuric acid. 
2 Does not apply to fluorides 
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basic types of zirconium and its alloys are produced.* 
Regular commercial grade zirconium which contains 
an average of 2.5 percent hafnium is usually em- 
ployed for corrosion resistant applications. Zirco- 
nium from which essentially all hafnium has been 
removed (.02 percent hafnium max.) is referred to 
as Reactor Grade and finds major use in certain types 
of nuclear power reactors. The strength of this grade 
can be raised by alloying with 1.5 percent tin plus 
.12 percent iron, .10 percent chromium and .05 per- 
cent nickel with the resultant alloy referred to as 
Zircaloy IT.° 

The rapid industrialization of zirconium during 
recent years has been promoted by nuclear applica- 
tion.*>* The low thermal neutron capture of haf- 
nium free zirconium (0.18 Barns) coupled with good 
strength at intermediate temperatures and excellent 
corrosion resistance to heat transfer media such as 
water or fused sodium at temperatures over 500 F 
and at pressures in the range of 2000 psi have led 
to its use in power reactor components, fuel element 
cladding and internal reactor structures. 

The application of zirconium in the process indus- 
tries is still in its infancy and limited to cases where 
extremely severe conditions are encountered. Labo- 
ratory investigations indicate excellent resistance to 
alkalis in all concentrations up to their boiling point. 
It is even inert toward fused caustic.***? This property 
is in direct contrast to the poor resistance shown by 
tantalum. 


Resistance to Acid Corrosion 

The acid corrosion resistance of zirconium is some- 
what better than titanium and approaches that of 
tantalum.** 1° It resists attack by hydrochloric and 
nitric acids at temperatures up to 210 F. Resistance 
to mixed acid (H.SO, and HNQOs) is good up to 10 
percent H,SO, and 90 percent HNO; at 210 F. Fur- 
ther increase in sulfuric content results in rapid at- 
tack. Its performance in sulfuric acid is more re- 
stricted, being limited to 70 percent concentration at 
temperatures up to 210 F. In aqua regia it behaves 
erratically and is not as resistant as titanium. 

Experiments in hydrochloric acid show that arc- 
melted metal of low carbon content is fully resistant 
but metal containing as little as 0.1 percent carbon, 
such as that prepared by induction melting, becomes 
embrittled.™ 


TABLE 2—Corrosion Resistance of Commercial Grade Zirconium 
to Various Chemicals 


Generally Poor Corrosion 


Generally Good Corrosion 
Resistance 


Resistance 


Phosphoric Acid above 75 percent 
Moist Chlorine 

Aqua Regia 

Sulfuric Acid above 70 percent 
Mixed Acid over 10 percent H2SO« 
Ferric and Cupric Chlorides 
Hydrofluoric Acid 

Fluorides 


Phosphoric Acid! 
Hydrochloric Acid 

Nitric Acid........ 

Sulfuric Acid?...... 

Mixed Acid?.......... 
Inorganic Chlorides* aor 
Chlorinated Hydrocarbons. 
Sodium Hydroxide. 

Organic Acids ; 


1 Does not apply to phosphoric acid above 75 percent 
2 Does not apply to sulfuric acid above 70 percent 

3 Does not apply to mixed acid over 10 percent, H2SO4 
4 Does not apply to ferric acid and cupric chlorides. 
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Resistance to Inorganic Chlorides 

3ehavior to inorganic chloride environments is 
excellent with the exception of ferric and cupric 
chlorides. Even in concentrations of 5 percent, severe 
attack of an embrittling nature has been noted at 
210 F.® Resistance to chlorinated organic compounds 
is generally good.’”* The corrosion resistance of zir- 
conium to many environments is shown in Table 2. 

Above 900 F zirconium reacts with gases and at 
higher temperatures with all elements except the 
inert gases. 

Conventional mill forms presently are available 
including sheet, plate, tubes and wire. The present 
price range is $20-$30 per pound for these forms. 
Consequently, zirconium will be applied as a lining 
material only for large items of process equipment 
for some time to come. Small valves, heat exchang- 
ers, diaphragms, and other equipment items have 
been fabricated. Shops equipped to handle titanium 
are capable of fabricating zirconium inasmuch as the 
two metals behave similarly in forming and welding. 


Titanium 

Titanium metal, which has risen to prominence in 
aircraft application because of its favorable strength- 
weight ratio, is currently enjoying expanded use in 
corrosion resistant applications within the process 
industries. During the past two years considerable 
effort has been devoted toward introduction of this 
metal into food, chemical, pharmaceutical, marine 
and associated fields. Although defense uses for tita- 
nium presently support the industry, it is hoped that 
its industrial application will be the mainstay at 
maturity. 

The corrosion resistance of titanium is in most re- 
spects similar to that of stainless steel with, of 
course, several notable exceptions. Titanium cannot 
rival tantalum in resistance to acid environments.**** 
The only acid to which it is fully resistant is nitric 
(except in the red fuming condition.)'* It is readily 
attacked by hydrochloric and sulfuric acids at even 
moderate concentrations and temperatures. Phos- 
phoric and formic acids attack the metal at elevated 
temperatures and concentrations. 


Hydrochloric and Sulfuric Acid Service 

Despite this poor resistance to acidic environ- 
ments, a considerable percentage of present indus- 
trial applications is in hydrochloric and sulfuric acid 
service. This is due to the fact that the protective 
passive film on the metal can be preserved by the 
presence of oxidizing agents or certain metal ions 
in these acids.?* 16171819 The excellent resistance of 
titanium to aqua regia is a classic example of attack 
inhibited by an oxidizing agent. The addition of 
nitric to sulfuric acid also results in good resistance 
and several plant applications now take advantage 
of this phenomenon. Cupric, nickel, ferric, stannic 
and many other metal ions in low concentration have 
been found to inhibit the attack in acid. In general, 
the more noble metals are most effective. 


One of the most outstanding features of titanium 
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in regard to corrosion is its resistance to environ- 
ments containing inorganic chlorides.? For example 
8-year exposure to sea water indicates a corrosion 
rate of one mil per 1000 years. Titanium does not 
suffer pitting attack as does stainless steel in such 
environments, nor is it susceptible to stress corro 
sion cracking or intergranular attack of the heat 
affected zone of welds. The only reagent found to 
promote stress corrosion cracking is red fuming 
nitric acid.?° 

Chlorinated hydrocarbons and many other organic 
compounds do not affect titanicm: however, dilute 
oxalic acid, trichloroacetic and citric acids at elevated 
temperatures attack the metal.?? The resistance of 
titanium to some of the more couimon environments 
encountered is shown in Table 3. 


Progress in the manufacture of mill forms has 
been rapid. At the present time a variety of medium 
strength alloys and unalloyed grades are available 
in most of the forms, shapes and sizes in which stain- 
less steel is supplied. It should be pointed out, how- 
ever, that the alloys now manufactured were devel- 
oped as aircraft materials and may not possess the 
optimum properties desired for corrosion resistant 
service. Actually, the meager corrosion tests per- 
formed on these materials indicate resistance similar 
to the unalloyed metal. Since unalloyed titanium can 
be obtained at strength levels ranging from 40-70,000 
minimum yield, it is satisfactory for most process 
applications. 


Fabrication of Titanium 


In general, titanium can be formed and fabricated 
by any shop proficient in fabrication of stainless steel 
after special instruction has been given. Steps should 
be taken to: (1) allow more generous bend radii than 
normally used for stainless steel, (2) warm-form at 
5-800 F for the more severe operations, (3) fusion 
weld with inert gas protection and always machine 
with sharp tools taking generous cuts. The same care 
exercised for titanium must be followed in the fabri- 
cation of zirconium. 

There are, however, several missing links in the 
fabrication practices for titanium which should be 
pointed out. Practical techniques are not available 
for producing hard surface cases needed to prevent 


TABLE 3—Corrosion Resistance of Commercially Pure Titanium 
to Various Chemicals 


Generally Good Corrosion 


Generally Poor Corrosion 
Resistance 


Resistance 
Red Fuming Nitric Acid 
Hydrofluoric Acid 
Hydrochloric Acid above 3 percent 
Sulfuric Acid above 4 percent 
Formic Acid, Boiling 
Phosphoric Acid 
Trichloracetic Acid 
Aluminum Chloride above 10 percent 
Fluorides 
Oxalic Acid 
Bromine 


Nitric Acid! 
Chromic Acid a 
Dilute Hydrochloric Acid? 
Dilute Sulfuric Acid. 
Formic Acid? 
Lactic Acid 
Acetic Acid* 
Inorganic Chlorides®. . 
Hypochlorites 
Moist Chlorine 
Molten Sulfur Aree 
Chlorinated Hydrocarbons 
Chlorine Dioxide ie 
Food Products.... 
Aqua Regia 

! Not applicable to red fuming nitric acid. 

2 Not applicable to hydrochloric acid above 3 percent 

3% Not applicable to boiling formic acid 

4 Not applicable to trichloracetic acid 

5 Not applicable to aluminum chloride above 10 percent 
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galling to other metals under sliding contact nor are 
cast titanium parts readily available in quantity. 
\fuch work is necessary before the surface harden- 
ing problem can be overcome. Still, there is reason 
ior optimism concerning development of titanium 

istings within the next two years. Recent advances 

furnace technology and molding compounds are 
ncouraging. 

One of the largest areas of the use of titanium in 
ndustrial applications is in the handling of nitric 
cid, particularly in processes for the nitration of 
rganic compounds. One striking example is a ver- 
ical shell and tube condenser handling 60 percent 
itric acid at 480 F and 300 psi pressure. Life of the 
tainless steel tubes was limited to an average of six 
ionths because of severe corrosion erosion of the 
ubes within 4-5 inches of the inlet end. An insert 
f titanium was fabricated by welding 70 tubes five 
nches in length to a thin tube sheet cover. When in 
‘lace, the titanium tubes slipped within the stainless 
ubes and protected the troublesome area. This unit 
as now been in operation for almost two years with 
o evidence of attack. 

An interesting example of resistance to hydrochlo- 
ites is the use of titanium for the internal assembly 
of a filter press in which calcium hypochlorite is fil- 
ered from a slurry and compressed into solid cakes 
f low moisture content. Type 316 stainless steel 
components suffered severe pitting corrosion after 
two weeks of operation. The titanium parts displayed 
io visible evidence of attack after seven months op- 
eration. Preliminary exposure of titatium to the new 
chlorine dioxide bleach used in the pulp industry has 
shown no corrosion. This is in contrast to the poor 
resistance exhibited by the stainless steels and spe- 
cial purpose alloys in such service. 

A large chlorine dioxide mixer has been lined with 
'g inch sheet and is now in service. It is still too 
early to report on performance of this unit but the 
results obtained will indicate whether titanium will 
become a major material of construction in the paper 
industry. 


Dilute Hydrochloric Acid 

Although titanium does not withstand attack by 
hydrochloric acid in moderate concentrations, there 
are several production applications handling dilute 
acid. The first and probably the pioneer industrial 
application of titanium is in steam jet diffusers han- 
dling high pressure, high velocity steam, dilute hy- 
drochloric acid and some entrained solids. The tita- 
nium diffusers have been in continuous service for 
more than two and one-half years without evidence 
of corrosion. A variety of corrosion resistant alloys 
were evaluated prior to the use of titanium with the 
best giving an average service life of three months. 

In another application involving exposure to mixed 
organic chlorides, free chlorine and 3.5 percent HCl, 
titanium has performed satisfactorily for one year. 
Other materials failed rapidly by pitting attack when 
‘ree chlorine additions were made. The unique re- 
sistance of titanium to both dilute hydrochloric acid 
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and moist. chlorine answered the need in this partic- 
ular case. 


The applications just discussed are but a few of 
many in which titanium at present prices (avg. 
$12.00/lb) can be justified because of savings in 
maintenance, downtime and lost production. Actu- 
ally, the mill product cost of titanium is not a clear 
indication of cost to the user of process equipment 
since its low density and reasonable fabrication 
charges result in finished equipment cost much 
nearer that of stainless steel. With .56 pound of tita- 
nium doing the job of one pound of stainless steel 
on a gage for gage basis and equivalent fabrication 
charges, the present cost of titanium equipment is 
approximately three times that of stainless steel. Fur- 
ther reductions in m‘ll product prices will result in 
more favorable equipment costs and an increasing 
number of industrial applications. 


Summary 

Of the three metals discussed, tantalum is expected 
to experience the least growth in corrosion resistant 
applications during the next decade and may, in fact, 
lose some volume to zirconium, particularly in hy- 
drochloric acid environments. 

Titanium will enjoy the largest growth because of 
volume production and, in turn, price reductions and 
know-how stemming from the large defense require- 
ments. In many of its industrial applications, tita- 
nium will replace stainless steel although the ex- 
panding use of stainless steel will more than com- 
pensate for these inroads. 

Zirconium will occupy the middleground. It is very 
nearly competitive in finished equipment form with 
tantalum at present and as volume rises from appli- 
cation in nuclear power reactors, prices should de- 
crease. 

Fundamental data on mechanisms of corrosion 
such as those developed for stainless steel are very 
limited for these metals and must be developed in 
order to obtain maximum utilization. Testing of tita- 
nium and zirconium in actual service applications is 
advancing rapidly, thus providing a wealth of prac- 
tical design data in the various process industries. 
Equipment vendors are becoming familiar with the 
fabrication of titanium and zirconium as well as tan- 
talum and are currently offering designs embodying 
these metals. 
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Introduction 

rF\HE USE of highly alloyed materials to combat 

corrosion is associated with the more rigorous con- 
itions encountered in industry. The applications 
ften involve very aggressive environments, such as 
he hot mineral acids. In other cases, the environ- 
nent may be relatively mild but product purity re- 
uirements may be such that no contamination from 
orrosion can be tolerated. Such applications are 
ound in the pharmaceuticai, food, and synthetic fiber 
ndustries. Use of the alloys tends to be restricted 
10 critical areas in a process. However, such critical 
reas will range from minor applications, such as 
alve trim or stems, to major installations, including 
eaction vessels, pumps, piping, valves, and other 
(quipment. 

Selection of a high alloy, rather than one of the 
1ore common and less costly materials of con- 
truction, will invariably emphasize economic justifi- 
ation, A clear-cut justification is achieved if a high 
alloy is the only material showing any reasonable 
resistance to the environment of interest. In most 
cases, however, it is necessary to balance initial in- 
estment not only against anticipated life but also 
gainst maintenance costs, down time resulting in 
oss of salable product and safety considerations. The 
examples to be cited below are typical of econom- 
ically justified applications. 

To proceed from the selection of a material, based 
upon inherent corrosion resistance, to a successful 

application involves careful consideration of the 
problems of design, fabrication, and installation. Per- 
haps this is especially true of the high alloys. While 
they are amenable to ordinary methods of handling, 
special precautions often must be observed to ensure 
that the materials are exposed in a manner compat- 
ible with optimum performance. Since the invest- 
ment in material is somewhat high, extra precautions 
are readily justified and the special characteristics 
of these alloys will bear discussion. 

Typical analyses of the alloys to be discussed are 
given in Table 1. The Group 1 materials are avail- 
ible in either cast or wrought forms, while the Group 
2 alloys are available only as castings. It is not in- 
tended that the alloys listed be considered as the 
mly ones which may be classified as high alloys. 
Certainly there are other materials which might be 
laced into this rather loose category. 


Molybdenum-Bearing Alloys 
Pure molybdenum displays unusual resistance to 
iydrochloric and hydrofluoric acids but is rapidly 


* Submitted for publication June 4, 1956. A paper presented at a 
meeting of the Niagara Frontier Section, National Association of 
Corrosion Engineers, Buffalo, New York, May 9 and 10, 1956. 
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Abstract 


The use oi highly alloyed materials to combat corro- 
sion is discussed and extensive data are given. The 
following molybdenum-bearing alloys are considered 
at length: nickel-molybdenum alloy, nickel-molybde- 
num-chromium alloy, and nickel-chromium -iron- 
molybdenum alloy. Attention is given also to cobalt- 
base alloys and silicon-bearing alloys. Other matters 
considered in connection with these alloys include 
mechanical properties, welding characteristics, pre- 
welding considerations, welding techniques, general 
fabrication considerations, and heat treatment. 6.5 


attacked by strong oxidizing acids such as nitric and 
hot concentrated sulfuric. When used as an alloying 
agent, molybdenum has a tendency to impart these 
characteristics, in some degree, to the alloy. The 
molybdenum-bearing 18-8 stainless steels show im- 
proved resistance to hydrochloric acid and other 
halogen compounds as well as to acid media in gen- 
eral’. As its molybdenum content is increased above 
about 22 percent, an alloy of iron containing 28 
percent nickel goes from nil to very high resistance 
to boiling 29.8 percent sulfuric acid’. The addition 
of molybdenum to nickel imparts to the alloys cor- 
rosion-resistant properties which are very similar to 
molybdenum. 


Nickel-Molybdenum Alloy 

3y taking advantage of the beneficial effects of 
molybdenum in a nickel base, the first wrought alloy 
for handling hydrochloric acid under diverse con- 
ditions was developed. Prior to 1929, equipment for 
use with this medium consisted of wood, rubber lin- 
ings. tile, stoneware, glass, high-silicon iron, and small 
amounts of precious metals. Development work, de- 
scribed in detail elsewhere’, led to an alloy contain- 
ing 20 percent molybdenum and 20 percent iron 
which has good resistance to all concentrations of 
hydrochloric acid up to 70 C. Subsequent work® re- 
sulted in the 28 percent molybdenum alloy, as listed 
in Table 1, which is resistant to all concentrations 
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TABLE 1—Typical Composition of Some High Alloys 
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Figure 1—Cast nickel-molybdenum conveyor 
screw handling sulfuric acid sludge and coke. 


of the acid, even at boiling temperatures. Since it 
has become economically feasible to take advantage 
of the superior resistance of the latter alloy, the 20 
percent molybdenum alloy has fallen into disuse. 

The nickel-molybdenum alloy is resistant to a 
wide variety of non-oxidizing media, including salts, 
alkalis, sulfuric, phosphoric, and many organic acids. 
The useful resistance of the alloy to sulfuric acid is 
unusual among wrought materials, extending to 60 
percent acid at boiling temperatures and somewhat 
lower temperatures for the higher concentrations. 
Detailed charts of the resistance of the nickel- 
molybdenum alloy to specific media have been re- 
ported elsewhere®** and discussion here will be 
confined to application examples. 

Nickel-molybdenum alloy is used in the production 
and handling of hydrochloric acid in a wide variety 
of equipment forms. In synthetic production, where 
hydrogen and chlorine gases are reacted directly, the 
alloy is used for reaction furnace tops where the 
temperature attained is about 1300 F. The product 
stream contains moisture, undesirable for some pro- 
cesses, and is brought to drying towers by alloy 
pipe. The drying towers contain perforated contact- 
ing trays across which the drying agent, concen- 
trated sulfuric acid, flows. Corrosion of the first four 
trays is avoided by use of the nickel-molybdenum 
alloy. The alloy also finds application in the towers 
used to scrub hydrogen chloride from vinyl chloride. 

To obtain an optimum surface for anodizing alu- 
minum foil for electrolytic condensers, the foil is 
passed through two baths of 20 percent hydro- 
chloric acid, one at 203 F, the other at 120 F. Heating 
coils, used to maintain the bath temperatures, and 
a series of submerged rolls, used to pass the foil 
through the bath, are made of the nickel-molyb- 
denum alloy. In spite of the aeration which is 
present, the life expectancy of this equipment is ten 
years, while previous materials gave only a few 
months’ service. 

Centrifuge baskets, filter assemblies and liners are 
used for handling halogenated organics or inorganic 
halides in organic carriers in the pharmaceutical in- 
dustry. Phosphorus tribromide in carbon tetrachlo- 
ride and stannous chloride in alcohol are typical 


examples. A typical centrifuge basket may be 48 
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| 1 max. 
| 
| 
| 
1 
| 1 max. | 


0.08 max. | 1 max. | 


| 0.10 } 1 max, | 


| 1 max. | 1 max. | 


0.85 | 14.5 0.65 


0.85 14.5 0.65 
0.12 max. 9.5 | 


inches in diameter and 20 inches deep. Introductio1 
of corrosive gases into the reaction mass for halo- 
genation is accomplished with alloy piping. Pumps 
and other equipment of nickel-molybdenum alloy are 
used to handle the ethylene chlorohydrin in the pro- 
duction of ethylene glycol. 

An outstanding usage of the nickel-molybdenum 
alloy has been in connection with corrosive catalysts. 
The alloy has unique resistance to the aluminum 
chloride-type catalysts as used in the Friedel-Crafts 
alkylation of benzene to ethyl benzene in styrene 
production. The isomerization of paraffinic hydro- 
carbons, such as butane, by use of either a hydrogen 
chloride-aluminum chloride-hydrocarbon complex or 
a melt of aluminum chloride-antimony chloride? is 
another example. The alloy also is used to handle 
the copper chloride catalysts in the production of chloro- 
prene synthetic rubber. Some of the large vessels 
lined with nickel-molybdenum alloy for isomeriza- 
tion service during World War II have been suc- 
cessfully converted to polymerization service where 
phosphoric acid is the corrosive catalyst. 

The conveyor screw shown in Figure 1 is of cast 
nickel-molybdenum alloy and is used for discharg- 
ing a mixture of sulfuric acid-bearing refinery sludge 
and recycled coke into a roaster. The roaster pro- 
duces a high-grade coke and sulfur di- and trioxides, 
which are converted to sulfuric acid. Portions of the 
screw are subjected to temperatures around 500 F. 
Screw conveyors of the ribbon type are used to move 
a titanium oxide-sulfuric acid slurry into a drying 
kiln. The shaft sleeve and flight, which are fabricated 
from plate, must withstand abrasion as well as cor- 
rosion by the slurry. 

Nickel-molybdenum alloy is free from stress cor- 
rosion cracking in the boiling 42 percent magnesium 
chloride test!®. Nozzles of the alloy, used to spray 
boiling magnesium chloride liquors into a dryer, 
appeared unaffected after serving for several times 
the life of the previously used materials. 


Nickel-Molybdenum-Chromium Alloy 

The ability of chromium additions to improve the 
passivating tendencies of iron under oxidizing con- 
ditions is well known. Chromium imparts oxidation 
resistance to many other metals. Broadly speaking 
then, chromium has the opposite effect of molyb- 
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denum as an alloying agent since the latter improves 
resistance to non-oxidizing type media. Alloys con- 
taining both elements tend to have more universal 
resistance as, for example, the 18-8 molybdenum 
stainless steel. 

The development of a_ nickel- base, chromium- 
iolybdenum alloy*® resulted in one of the few 
ietallic materials capable of withstanding wet chlo- 
ine gas and the alloy finds use in critical, chlorine- 
andling applications™. While resistance of the alloy 
o wet chlorine and hypochlorites is somewhat 
nique, the anticipated general resistance to both 
xidizing and non - oxidizing conditions was also 
ealized. Specific resistance of this alloy to a wide 
ariety of media has been described in detail else- 
vhere® '* 13. Tn addition to the environments already 
nentioned, the alloy has good resistance to ferric 
ind cupric chlorides and other oxidizing salts, al- 
calis, and organic and mineral acids. 

While the resistance of the nickel-molybdenum- 
hromium alloy to pure sulfuric acid is not quite so 
zood as that of the nickel-molybdenum alloy, the 
hromium-bearing material is more widely applied 
n this medium for reasons to be discussed later. 
Chis is especially true in pickling applications. In 
me design, pickling tanks are simultaneously heated 
and agitated by a submerged burner. The burner is 
constructed almost entirely of the nickel-molyb- 
denum-chromium alloy. Such a burner has been in 
ervice over three years concentrating a ferric chlo- 
ride solution used in tin refining. Similar burners are 
used to concentrate such corrosives as calcium chlo- 
ride and hydrofluoric, hydrochloric, and nitric acids. 

While the nickel- molybdenum alloy is usually 
thought of for hydrochloric acid applications, the 
chromium - bearing alloy has proved superior in 
service as a dextrose converter. The 32-foot vessel 
handles dextrose liquors with 0.04 normal hydro- 
chloric acid at a pH of 1.5, operating continuously 
at 315-375 F and 100 psi. The corrosion rate is about 
four mils per year. 

The chromium-bearing alloy is essentially inert 
in sea water and in marine atmospheres. Specimens 
exposed to salt water air since May, 1942 have re- 
tained their original mirror-polish finish'. This abil- 
ity to retain a high reflectivity under corrosive con- 
ditions has led to use of the alloy as a searchlight 
reflector material. In ten years of immersion in sea 
water, no weight loss could be detected and no pit- 
ting occurred. In addition, the alloy is highly re- 
sistant to erosion by sea water at high velocities and 
is, therefore, useful for critical sea water service 
under any conditions which may be encountered. 
This property has been exploited in the chemical 
industry when sea water has been used to cool some 
corrosive stream. 

The unusual resistance of the nickel-molybdenum- 
chromium alloy to wet chlorine is useful in many 
applications where the gas must be handled with 
noisture present. Injection of chlorine gas, into 


water systems or into chlorination reactors, is a 
ypical application. Pumps, piping, and valves of the 
illoy are used to handle the chlorine in the produc- 
ion of synthetic glycerol and for handling chlor- 
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inated pulp stock at about 150 F in a sulfite bleach 
plant. 

Zones of high corrosion rates have been avoided 
in the final towers for stripping acetic anhydride by 
lining the stainless steel tower with nickel-molybde- 
num-chromium alloy. The alloy also is being used as 
tower trays for some of the severely corrosive con- 
ditions in acetic acid production, Chlorides in process 
streams can lead to difficulties with stress corrosion 
cracking of the stainless steels. The chromium-bear- 
ing alloy is not affected in the boiling magnesium 
chloride test!®. The alloy finds use in applications 
where stress corrosion cracking is a severe problem 
as in a carbon black slurry containing 200 ppm of 
chlorides. 

Severe corrosive conditions exist in the first three 
feet of kiln-like reactors in which hydrofluoric acid 
is produced by the action of sulfuric acid on fluor- 
spar. Lining this section with the nickel-molybde- 
num-chromium alloy has proved a satisfactory 
solution. In this application, the alloy must resist 
abrasion as well as corrosion. In another example 
of combined abrasion-corrosion the alloy has been 
used to solve a difficult pumping problem in the 
handling of hot phosphoric acid-gypsum slurries. 

The chromium-bearing alloy also has found usage 
in ore leaching operations as in the processing of 
vanadium and uranium ores. Heat exchangers of the 
alloy are used to heat the sulfuric acid leaching solu- 
tions which are contaminated with a wide variety of 
metal ions. Spray nozzles, piping, pumps, leaf filters, 
and valves of the alloy are also used in connection 
with the ore treatments. Some application has been 
made in high-temperature, high-pressure processes 
for refining of leached ores by selective precipitation. 


Nickel-Chromium-Iron-Molybdenum Alloy 

Nickel-chromium-iron-molybdenum alloy, a_rela- 
tive newcomer to the high-alloy field’®, is similar in 
many ways to the nickel-molybdenum-chromium alloy 
just discussed. It takes advantage of the alloying effects 
of both chromium and molybdenum and so has a highly 
universal resistance, but also maintains a high iron- 
to-molybdenum ratio resulting in a lower-cost ma- 
terial. In a sense, the development work, in which 
268 alloys were evaluated under six widely divergent 
corrosive conditions, compromised the excellent re- 
sistance of the stainless steels to strongly oxidizing 
conditions with the high resistance of the nickel- 
molybdenum alloy to non-oxidizing conditions. 

One outstanding application of the alloy has de- 
veloped in the pulping industry’®. The alloy is an 
excellent material for use in sulfite digesters. Type 
316 stainless steel lined digesters have been replac- 
ing the older brick-lined equipment, but this alloy 
is prone to severe pitting in the vapor phase. The 
high-iron, nickel-chromium-molybdenum alloy has 
given excellent performance as a lining in the vapor 
phase and liquid level areas of sulfite digesters. The 
strong cooking liquors used contain about 10 per- 
cent sulfur dioxide. The alloy also is useful in the 
new duplexing pulp process in which the first part 
of the cook is in either weak or strong sulfurous acid 
while the balance of the cook is under alkaline con- 
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Figure 3—Simonson-Mantius sulfuric acid con- 
centrator equipped with high-silicon nickel 
tubes. 


ditions. The process starts at pH4 or lower and ends 
at about pH9. In such exposures, the alloy shows 
a corrosion rate of less than one mil per year in 
either the liquid or vapor phases. 


The high-iron alloy also is completely resistant to 
Stress corrosion cracking in the boiling 42 percent 
magnesium chloride test. It appears to be resistant 
to cracking under many of the conditions which are 
aggressive to austenitic stainless steels from a stress 
corrosion standpoint and should find application on 


this account. Of interest to designers of atomic re- 
actors, this alloy has excellent resistance to super- 
critical water at temperatures as high as 1350 F and 
pressures of 3,000 psi." 


Cobalt-Base Alloys 

Highly alloyed corrosion-resistant materials gen- 
erally exhibit good strength properties at elevated 
temperatures. Such a dual nature is observed in 
stainless steels. The nickel-molybdenum and_ the 
nickel - molybdenum - chromium alloys, described 
earlier, have found numerous applications based 
primarily on their high-temperature strength. The 
turbine buckets of the earliest jet engines produced 
in this country were forged nickel - molybdenum 
alloy. 

It is not surprising, then, that the converse also 
is true. In one specific case an alloy developed as a 
high-strength sheet material for use at 1800 F%8 has 
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been found to be a highly corrosion-resistant ma- 
terial. This is the wrought cobalt-chromium-tung- 
sten-nickel alloy.’® The alloy has been found to have 
unusual resistance to hot fuming nitric acid,?° ever 
under erosive conditions.?' Application experienc: 
has indicated the desirability of solution-annealins- 
any welded structure for the more severe service condi- 
tions. Laboratory tests have shown the heat-affecte:| 
zone attack to be confined to vapor phase exposure 
in the presence of condensation.” 

The alloy also shows unusual resistance to we 
chlorine comparable and, in certain instances, supe- 
rior to the nickel-molybdenum-chromium alloy. In 
some applications for chlorine-handling valve stems, 
the cobalt material has shown up best. Though no: 
quite comparable to the nickel-molybdenum alloy 
in straight hydrochloric acid resistance, there ar 
special cases where the cobalt alloy has provei 
superior. An example is a 30 percent hydrochloric 
acid-saturated brine solution of pH 1-2 at a pressure 
of 60 psi and a temperature of about 220 F. 

The wear-resistant and tool materials of the co 
balt-chromium-tungsten-carbon type also show gen 
erally good corrosion resistance which often allows 
their use where ordinary wear-resistant materials 
fail by corrosion. Bearings and critical wear surfaces 
subjected to soldering flux fumes and spatter in can- 
ning machinery are typical examples. One alloy of 
this type has been used for years to resist the simul- 
taneous abrasion and corrosion of machinery mold- 
ing dry cell paste. Use is made of these alloys as 
aircraft valve trim where they must resist the ero- 
sion -corrosion of hot, sometimes lead - containing, 
exhaust gases. Strips of such an alloy serve as erosion 
shields on steam turbine blades. 


Silicon-Bearing Alloys 

Silicon as an alloying agent has a powerful in- 
fluence on the corrosion resistance of iron-and nickel- 
base alloys. Silicon is known to enhance the oxida- 
tion resistance of many materials. Recent work has 
indicated that silicon plays a very important role in 
pit resistance of stainless steels**. Two alloys which 
depend upon silicon additions to achieve good cor- 
rosion resistance are the high-silicon iron, introduced 
in 1912, and high-silicon nickel, introduced about 
1929. 

Unfortunately, if the ability of silicon to impart 
corrosion resistance is fully exploited, unworkable 
alloys result and they are limited to application as 
castings. The castings, while of good strength, are 
not ductile and are subject to failure by mechanical 
and thermal shock. In spite of these undesirable 
features, the high-silicon alloys find considerable ap- 
plication because of their unique resistance not only 
to corrosion but also to abrasion and mechanical 
wear. 


High -Silicon Irons 

The high-silicon iron alloy is one of the most uni- 
versally resistant alloys available. It resists almost 
all severe acid conditions, the notable exceptions 
being hydrofluoric acid, fluoride compounds, sul- 
furous acids, and sulfites. Improved resistance to 
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hydrochloric acid and chloride-bearing solutions is 
obtained with a modification containing 3 percent 
molybdenum. Data on the specific resistance of these 
tlloys have been reported elsewhere.** 7° 

The high-silicon irons are most widely used as 
sump and valve materials. Figure 2 shows pump 
arts made of high-silicon iron. This pump has served 
‘or more than seven years handling a pickling solution 
‘onsisting of about 10 percent sulfuric acid at 160 F. 
\ variety of other forms of equipment also is in use. 
By designing with the inherent brittleness in mind, 
t is possible to use these alloys as pipes, heating 
ubes, simple heat exchangers, tanks, kettles, and 
ower sections. The silicon-iron alloy finds wide use 
is chemical fume exhaust fans and as drains and 
‘raps for chemical laboratories. In the sulfuric acid 
ield it is used in manufacture as well as handling. 
lhe good abrasion resistance of the alloy is ex- 
ploited in applications such as pumping sulfuric acid- 
itania slurries. The alloy is used in the concentrating 
f sulfuric acid as heating tubes, pipes, fittings, and 
ank outlets. It is especially resistant to hot strong 
tric acid and vapor. In the saltpeter process, high- 
silicon iron retorts, denitrators, towers, condensers, 
oolers, pipes, and valves are used. 

The molybdenum modification is primarily applied 
‘or chloride and hydrochloric acid service. A valve 
this alloy has successfully handled tin tetra- 
chloride for over 10 years. In an application pumping 
sinc chloride flux, the alloy has given five years’ 
service. 


Vickel-Silicon-Copper Alloy 

In searching for an alloy of the high-silicon iron 
type based on nickel, the nickel-silicon, nickel-alumi- 
num systems were investigated.* Briefly, it was 
found that up to 10 percent silicon, the nickel-silicon 
alloys were strong and fairly tough but not partic- 
ularly resistant to severe corrosion. At 15 percent 
silicon they have excellent resistance but are ex- 
tremely brittle. A similar situation was found in the 
the 
good resistance occurring at about 20 percent 


and 
alu- 


nickel-aluminum system, with brittleness 


minum. In the ternary system a useful alloy was 
found at 10 percent silicon, 5 percent aluminum. Copper 
was found to be a satisfactory replacement for most 
of the aluminum and further increased the tough- 
ness. A nominal composition of 10 percent silicon, 
3 percent copper, and a small amount of aluminum 
was established and marketed. In 
aluminum content was conceded to be detrimental 


later work the 
to welding characteristics and was dropped with very 
little loss of corrosion resistance. 

The high-silicon nickel alloy is not superior to the 
high-silicon iron alloy in corrosion resistance. How- 
ever, in many applications it has been found advan- 
tageous to accept the somewhat lowered resistance 
in view of its considerably higher strength and re- 
sistance to thermal and mechanical shock. Heating 
tubes for the Simonson-Mantius sulfuric acid con- 
centrator, shown in Figure 3, serve to illustrate this 


comparison. High-silicon iron tubes show low cor- 
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Figure 4—Nickel-molybdenum valve parts which failed when coupled 
with carbon. 


TABLE 2—Effect of Sludge Contamination and Galvanic Coupling 
with Graphite and Carbon on the Resistance of Nickel-Molybdenum 
Alloy to Sulfuric Acid 


CORROSION RATE IN BOILING MEDIUM, MILS PER YEAR 


Medium last Wrought 
ca.50% SulfuricAcid-Hydrocat bonSludge, ContainingSO2! 37} Ce 4il 
50% Sulfuric Acid, C.P. Grade Cease 6! 41 
50% Sulfuric Acid, C.P. Grade Coupled with Graphite. 5312 5072 
50% Sulfuric Acid, C.P. Grade Coupled with Carbon 1,960? 1,8503 


Average rate tor five 24-hour periods. 
Average rate for three 24-hour periods. 
Average rate for two 24-hour periods. 


err | 


rosion rates but the heating medium is limited to 
about 100 psi steam to avoid thermal shock failure. 
With high-silicon nickel tubes, 300 psi steam or 
Dowtherm may be used to achieve considerably 
faster production rates. 

While it is used primarily for sulfuric acid applica- 
tions, the high-silicon nickel alloy has good resist- 
ance to a wide variety of media, which have been 
reviewed elsewhere*® 7°, Like the iron-base alloy, it 
has excellent abrasion resistance which is exploited 
in applications such as check ball valves, piston rods, 
shaft sleeves, and pump parts. Tubes of the alloy are 
used for introducing the hot air into the sulfuric 
acid bath in the Chemico-type concentrator. In a 
similar application, high-silicon nickel alloy down- 
comers are used to introduce hot benzene vapors into 
hot concentrated sulfuric acid in the production of 
benzene sulfonic acid as a phenol intermediate. 
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Inert-Gas-Shielded Metallic Arc Oxy-Acetylene 


Arc 


Figure 5—Effect of welding method on the corrosion resistance of 
nickel-molybdenum-chromium alloy. 


General Considerations of Corrosion Behavior 

The high-alloy materials can be used to solve 
many difficult corrosion problems. Their general 
tendency toward universal resistance is a valuable 
characteristic and offers wide latitude in application. 
However, it should be emphasized that selection of 
a more expensive alloy does not, in itself, assure a 
successful application. The alloys must be applied 
with good engineering discretion, keeping in mind 
that they are subject to the same basic principles 
of corrosion as are the more common materials of 
construction, 

The excellent resistance of the wrought cobalt- 
chromium-tungsten-nickel alloy to various chlorine 


V ol. 13 


environments has been mentioned. In one case a tes 
showed the alloy to have original polish marks afte: 
six months of exposure to a liquid hydrocarbor 
stream containing chlorine and water. In the same 
test the nickel-molybdenum-chromium alloy showe« 
heavy etching and pitting. However, the cobalt alloy 
also showed severe pitting underneath retaining 
washers. If the good resistance of the cobalt-bas« 
alloy is to be exploited in this environment, equip 
ment will have to be carefully designed so as to 
avoid any sites at which crevice corrosion could 
occur, 

The possibilities of galvanic corrosion should no 
be overlooked. In general, the high alloys will tend 
to be the more noble member of a couple and it 
may be anticipated that any difficulties encountered 
will tend to affect the lower alloy material. Galvani: 
attack of the high alloys, however, is sometimes en 
countered. The very drastic failure of two nickel 
molybdenum valves after five or six weeks’ service, 
is shown in Figure 4. Selection of the alloy to serve 
in a stream consisting of about 50 percent sulfuric 
acid, various hydrocarbons, and some sulfur dioxide 
at 275 F, seemed justified on the basis of the resist 
ance of the alloy to sulfuric acid under such condi 
tions. Contamination of the sludge, especially with 
oxidizing agents, was one possible explanation of the 
failure but did not seem to account for the drastic 
nature of the attack. Erosion-corrosion was ruled out 
because of the severe attack on areas not exposed to 
high velocities. Knowledge that the valve had been 
installed in contact with carbon pipe liners suggested 
the possibility of galvanic attack. 
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TABLE 4——Typical Mechanical Properties of Some High Alloys and 

Tabl 

cupr 

Co-Cr-W-C rate 

ee weetges | tae | eee hibit 

Ultimate Tensile Strength, psi x 103. 3 : 78 106 73 150 112 200 120 In h 
Yield Strength (0.2% offset), psi x 10-4 { { 5i 57 50 3 68 ; 2 : 

Elongation, Percent 5: { 8 52 2) 55 


3 5 
lardness, Rockwell B 95 84 8: 98 90 Rc43 
mpact Strength, Notched Izod, ft-lb é 2 80 120+ 


TABLE 3—Effect of Oxidizing Cation Contamination on the Corrosion Rates of Nickel- 
Molybdenum and Nickel-Molybdenum-Chromium Alloys in Sulfuric and Hydrochloric Acids 


CORROSION RATE-MILS PER YEAR 
(24 Hour Periods-Except Where Noted) 


Alloy Corrosion Medium Ist 2nd 3rd 4th 5th 6th 7th 8th 
Mo 50% HeSOs, boiling 59 20 22 
ti-Mo Same plus 0.01% Cu as CuSOs 171 119 123 


$8-hour period 
41-hour Period 


GROUP 1—WROUGHT and CAST 


Ni-Mo Ni-Mo-Cr Ni-Cr-Fe-Mo Co-Cr-W-Ni 


Wrought Cast Wrought Cast Wrought Cast Wrought Cast 


Wrought Cast 


corre 
ion 7 


hibit 


I 
I 
Modulus of Elasticity, psi x 10° < 26.5 28.5 29 35.3 


GROUP 2—CAST ONLY 


Fe-Si-Mo Ch 
maril 


Ni-Si Fe-Si 





Ultimate Tensile Strength, psi 117,000 16,000 16,000 
Elongation, Percent O-1 

Hardness Rce34 
Impact Strength, Izod, ft-lb 1-2 


520 Brin. are Uv 
whic 


520 Brin. 


Unnotched scale 
2 Notched Charpy 
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TABLE 5—Typical Mechanical Properties of the Nickel-Molybdenum and Nickel-Molybdenum-Chromium 
(ren in the As-Welded Condition’ 


Specimen}! Tensile 
| Thickness} comaeee. | 
| Weld Method in. psi 


Alloy 


121,600 
123,900 
121,100 
117,200 
115,000 
124,900 


115,000 
100,000 


Ni-Mo 
Ni-Mo 
Ni-Mo 
Ni-Mo 


Ni- Mo Inert- gas-ahielded- arc 

Ni-Mo Inert-gas-shielded-arc. . 

Ni-Mo Min. Prop. fully-annealed base alloy 
ASME, Case 1173 

Ni-Mo Min. Prop. fully-annealed base alloy 
ASME, Case 1173......... aula 


Metallic Arc..... 
Metallic Arc 
Metallic Arc 

Inert- “gas- shielded-arc 


to Me 








116,900 
128,500 
118,000 
121,000 


Metallic Arc 
Metallic Arc. 
Metallic Arc. 
Inert-gas- shielded-arc 


Ni-Mo-Cr 
Ni-Mo-Cr 
Ni-Mo-Cr 
Ni-Mo-Cr 


113,200 


Ni-Mo-Cr Inert- gas-shielded- -arc. | 
116,500 


Ni-Mo-Cr Inert-gas-shielded-arc . . ai 

Ni-Mo-Cr Min. Prop. fully- annealed base ‘alloy 
ASME, Case 1134. es 

Ni-Mo-Cr Min. Prop. fully- annealed base alloy 
ASME, Case 1194..... haat 


115,000 
100,000 


! Adapted from Reference 29 


ver the uncoupled rate, while coupling with amor- 
‘hous carbon increased the rate about 500 times. 
“he area of the graphite and carbon was about 18 
imes that of the metal specimens but it was esti- 
inated that the effective ratio would be even greater 
under service conditions. These data seem to account 
ior the catastrophic attack and give warning against 
coupling the nickel-molybdenum alloy with either 
carbon or graphite under similar conditions. 

In the example just cited, contamination was 
mentioned as affecting the rate of corrosion of the 
nickel-molybdenum alloy. The alloy is somewhat 
analogous to the noble metals in that it has little 
tendency to displace hydrogen from acid solutions under 
a wide variety of conditions. The rate at which it 
corrodes is primarily controlled by cathodic reactions 
so that accelerated corrosion is incurred by depolariz- 
ing actions at the cathode areas. Thus, excessive 
dissolved oxygen and oxidizing cations have an ac- 
celerating effect. On the other hand, the chromium- 
bearing nickel-molybdenum alloys seem to derive 
their resistance in part from an anodic passivation 
tendency similar to the stainless steels. The pres- 
ence of oxygen or oxidizing contaminants tends, 
anything, to enhance their resistance by maintaining 
and repairing the passive condition. The data in 
Table 3 illustrate these effects. The presence of the 
cupric ion in sulfuric acid accelerates the corrosion 
rate of the nickel-molybdenum alloy but tends to in- 


hibit the corrosion of the chromium-bearing alloy. 


In hydrochloric acid 
corrodes more rapidly in the presence of the ferric 
ion while the chromium-bearing alloy is 
hibited, strongly in this case. 


the nickel-molybdenum alloy 


again in- 


The silicon-bearing alloys seem to depend _ pri- 
They 
are unaffected by contamination except of a nature 
which might attack or increase the solubility of the 


marily on film formation for their resistance. 


scale formed on the alloy. 


Ultimate | | Strength | 


67,500 | 16 





| Angle of | 
Defor- 
mation 
|After 180-| 
degree | 
| Trans- | 
| 


Yield 


HARDNESS, Rs 
Weld |—___, ——________ 


pd Elong. in 
Failure Plate | By Weld | In Weld 


psi 2 in.,% 


verse 
Bend 


No 


55,500 | 40 
59,600 | 37 


58,800 | 30 


60, 100 


30 
48,500 2 


48,000 
45,000 
68,300 | 
66,500 | 
65,900 
66,000 


58,900 
64,000 


50,000 
45,000 


Mechanical and Metallurgical Characteristics 
Mechanical Properties 

Table 4 lists some typical mechanical properties 
of the alloys under discussion. They are, with ex- 
ception of the high-silicon irons, high-strength ma- 
terials. The wrought alloys exhibit good ductility 
and are amenable to ordinary cold-working and fab- 
rication methods. Their forming behavior is very 
similar to the austenitic stainless steels, taking some- 
what more power because of their higher strength. 
Forming and shearing power requirements are ap- 
proximately twice those for ordinary steels. Since 
the alloys are face-centered cubic, they exhibit con- 
siderable work-hardening tendencies, which are used 
to advantage on some applications requiring wear 
resistance. 

The nickel- molybdenum alloy and the _ nickel- 
molybdenum-chromium alloy have both been ac- 
cepted into the ASME Boiler and Pressure Vessel 
Code so that formalized maximum stress allowances 
at various temperatures are available*” 7%. As has 
previously been mentioned, these alloys tend to re- 
tain good strength at elevated temperatures so that 
strength is seldom a limiting factor in high-tempera- 
ture corrosion applications. 

Welding Characteristics 

The highly-alloyed materials can be successfully 
welded by conventional methods. Electric arc weld- 
ing with a coated electrode and inert-gas-shielded 
arc welding are the preferred and most commonly 
used methods for the wrought alloys. As with other 
highly-alloyed materials, careful welding practices 
must be adhered to if unsatisfactory joints and crack- 
ing are to be avoided. While the alloys are amenable 
to oxy-acteylene welding, this method is avoided to 
prevent loss of corrosion resistance due largely to 
dramatically illustrated in 


carbon pickup. This is 


These welded specimens of the nickel- 
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Figure 6—Section of strip-lined preheater for 
benzene hexachloride production. 


Figure 7—Head of a sulfite digester lined 
with nickel-chromium-iron-molybdenum alloy 
by spot resistance welding. 


molybdenum - chromium alloy were exposed, as- 
welded, to conditions which attacked the weld metal 
more severely than the parent plate. The only dif- 
ference between the specimens is the method of weld- 
ing, which (from left to right) was inert-gas-shielded 
arc, metallic arc, and oxy-acetylene. 

When good welding techniques are used, joints of 
very high efficiency and good ductility result as in- 
dicated by the data in Table 5. The optimum pro- 
cedures for joining the wrought alloys have been 
discussed in detail elsewhere*’, and only the more 
important considerations will be abstracted here. 


Prewelding Considerations 

It is imperative that the surface to be welded be 
free of all grease, dirt, chalk or crayon markings, or 
other foreign matter. Joint designs are similar to 
those used for steel but clearances are generally 
larger. Backing rings are avoided in corrosive service 
to avoid crevices where concentration cells may 
form, Beveled edges are used for material heavier 
than 12 gage and welding is done from both sides. 
For the thinner material, welding may be accom- 
plished from one side, but in all cases complete pene- 
tration is a criterion of a good weldment. 

Edge preparation is best obtained by machining. 
Thermal cutting and beveling are possible but not 
recommended because of the tendency to locally 
sensitize the alloys over and above any effect of 
welding heat. Sheared edges should not be welded 
directly but should be ground back at least 1/16 inch 
or, alternately, full-annealed prior to edge prepara- 
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Figure 8—Bend tests of nickel-molybdenum braze-clad material. 


tion. The severe stress pattern residual in the sheared 
edge can be a strong factor contributing to welding 
cracks. 

Alignment of the prepared edges is very impor- 
tant since misalignment leads to variations in bead 
contour, gap width, and stress in the weld area, all 
contributing factors to cracking. The proper align- 
ment should be retained by tack welding. Jigs and 
fixtures may be used to good advantage to maintain 
alignment and facilitate welding. Figure 6 shows a 
section of a strip-lined preheater for benzene hexa- 
chloride production. In this case, a special fixture 
positioned the vessel in a manner that all welds could 
be made in the downhand position. 


Welding Techniques 


In general, these alloys are amenable to the same 
welding techniques as used for the austenitic stain- 
less steels. The following precautions are empha- 
sized : 

1. Use stringer beads at all times (no weav- 
ing) 

2.Do not preheat or postheat 

3. Keep weldment as cool as possible, using 
quenching techniques where practical 

4. Use striking tabs where possible 

These precautions are primarily aimed at keeping 
the heat content of the metal at a minimum since 
cracking is asociated with a lowered ductility at 
intermediate temperatures which compounds the 
cracking tendencies due to thermal stress alone. 

Cracking rarely occurs in the weld bead. The most 
commonly encountered cracking is in the parent 
metal adjacent and transverse to the weld bead. 
If the design is such that the materials are held 
under restraint during welding, cracking of the par- 
ent metal parallel to the weld bead may be en- 
countered. An obvious situation where this might 
occur is during strip lining of a vesel. After weld- 
ing three sides of a segment, it is under restraint and 
cracking might be encountered while welding the 
fourth side. In one case, during the lining of large 
isomerization vessels, a crimp was put in each seg- 
ment prior to welding, which served to alleviate the 
restraining stresses. 
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Electrode coatings developed for these alloys al- 
low deposition of porosity-free beads. When using 
the inert-gas-shielded arc method, porosity may be 
encountered if the shielding gas is dispersed, as by 
drafts, or if the nitrogen content of the gas is too 
high. 

The high-silicon cast alloys can be welded by 
the oxy-acetylene method.® ** Preheating is required 
to 1600 F for the iron-base alloy and to 1200 F for 
the nickel-base alloy. Slow cooling after welding is 
recommended. For the high-silicon nickel an excess 
acetylene flame is recommended. Special welding 
fluxes are sometimes used. For the iron-base alloy 
equal parts of lime and sodium bisulfite are used. 
The molybdenum-bearing, high-silicon iron is con- 
siderably more difficult to weld than the parent al- 
loy, and the manufacturer’s advice on procedures 
should be solicited. 


General Fabrication Considerations 


Machining behavior of the molybdenum-bearing 
alloys is again similar to the austenitic stainless 
steels, but somewhat more difficult due to their 
higher rate of work-hardening. Because of this tend- 
ency, it is important to use sharp tools, to keep 
them engaged as continuously as possible, and to 
have a firm, rigid, work setup. Detailed machining 
and grinding recommendations are available.® 

Scale removal after heat-treatment is most readily 
accomplished for the wrought alloys with a molten 
caustic or molten sodium hydride bath.” The alloys 
are water-quenched on removal from the molten 


bath and dipped in an acid bath for final cleaning. 
For the nickel-molybdenum alloy a 12 percent sul- 
furic acid at 135 F is used while a 10 percent nitric 
acid, 1-2 percent hydrofluoric acid at 175 F is used 
for the chromium-bearing alloys. 


When large vessels are to be fabricated, con- 
struction from solid alloy material, while feasible 
from a strength, design, and fabricability standpoint, 
may be difficult to justify economically. Since clad 
plate is only recently available, strip lining as shown 
in Figure 6, has been the most widely used method 
to apply the alloys in large vessels. An alternate 
means is a proprietary process) which achieves the 
lining by spot resistance welding on close centers. 
The head of a large sulfite digester, lined with the 
nickel-chromium-iron-molybdenum alloy in this man- 
ner is shown, during fabrication, in Figure 7. 

A recent innovation in the cladding field®° may 
prove to be a successful method of producing clad 
plate of the wrought alloys under discussion. The 
method“ depends upon a high-temperature braze 
to bond alloy sheet of the required thickness and 
an appropriate constructional steel to obtain a clad 
material without rolling. A sandwich is prepared of 
steel-brazing material-alloy-alloy-brazing material- 
steel. This assembly is edge welded and a vacuum 
applied internally so that the pack is compressed by 
® Proprietary processes: caustic—Hooker Electro Chemical Company, 


Niagara Falls, New York. Sodium hydride—E, I, duPont de Nemours 
and Company, Wilmington, Delaware. 


®@ Smithlining, A. O. Smith Corporation, Milwaukee, Wisconsin. 


® Hortonelad, proprietary process of the Chicago Bridge and Iron 
Company, Birmingham, Alabama, 
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Annealed Sensitized Sensitized 


Figure 9—Annealed and sensitized specimens exposed to boiling ferric 
chloride. 


atmospheric pressure. The whole assembly is then 
brought to brazing temperatures in a furnace. After 
cooling, the edge welds are removed to separate the 
two clad plates. Bend tests performed on nickel- 
molybdenum alloy clad in this manner are shown 
in Figure 8 While still in a development stage, 
with respect to the alloys under discussion, this 
method of producing clad material of desirable prop- 
erties looks very promising. An even more recent 
development™ has resulted in the successful roll 
cladding of several of the wrought alloys. Thus the 
availability of clad materials as a standard product 
appears imminent. 


Heat-Treatment and Microstructure 


The analogy of the Group 1 alloys to the aus- 
tenitic stainless steels is extended to consideration 
of their response to heat-treatment. These alloys are 
austenitic in nature; that is, they consist of a face- 
centered-cubic matrix, which is a_ nickel-rich or 
cobalt-rich solid solution, plus some insoluble con- 
stituents. At sufficiently elevated temperatures, there 
is a tendency for a maximum amount of the alloy 
components to dissolve into the matrix. This solu- 
tion-annealing temperature range is shown for the 
various alloys in Table 6. The alloys are believed 
to be essentially two-phase in the solution-annealed 
condition, consisting of the austenitic matrix and 
insoluble carbides of the M,C type. 

At intermediate temperatures, roughly 1200 F to 
1900 F, the matrix is in a supersaturated condition 
and precipitation of secondary constituents can occur. 
In the chromium-bearing alloys, the precipitation 
appears to be largely the cubic chromium carbide, 
Cr.3C,s. Intermetallic compounds may also be en- 
countered. Precipitation of this type in the nickel- 
molybdenum alloy is very sluggish, except under 
the influence of prior cold-work, and consists pri- 
marily of nickel-molybdenum intermetallic com- 
pounds. 

The effect of precipitation at intermediate tem- 
peratures is to sensitize the alloys, making them 
more prone to corrosion, especially to corrosion of an 
intergranular nature. The degree of sensitization will 


()» Development by Lukens Steel Company, Coatesville, Pennsylvania. 
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Figure 10—Solution-annealed structure, nickel-molybdenum-chromium 
alloy. 


be a result of the temperature(s) and duration of 
exposure. In a very aggressive environment, the ef- 
fect of sensitization can be dramatically illustrated. 
Samples of the nickel-molybdenum-chromium alloy 
were exposed for six hours to a boiling, 10 percent 
ferric chloride solution. The result is shown in Figure 
9. The specimen on the left was in the solution- 
annealed condition. The two specimens on the right 
had been severely sensitized by two different pro- 
cedures, 

Optimum corrosion resistance and mechanical 
properties are developed by a_ solution-annealing 
treatment followed by cooling through red heat as 
rapidly as possible. Water-quenching and rapid air- 
cooling by means of a fan are preferred in that order. 
Cooling in still air should be avoided. While solu- 
tion-annealing is recommended for all cases where 
it is feasible, there are many cases in which it is im- 
possible or impractical to anneal the fabricated struc- 
ture. Perhaps more often than not, the alloys are ap- 
plied in the as-welded condition. In the majority of 
cases, this is a satisfactory procedure. However, in 
very severe environment preferential attack of the 
heat-affected zone and/or the weldment may be en- 
countered. For this reason, application of as-welded 
structures in particularly arduous media is best pre- 
ceded by testing of as-welded samples. The success 
of an as-welded structure in service will depend a 
great deal upon the use of good welding techniques. 

Using the nickel-molybdenum-chromium alloy as 
an example, typical microstructures are shown in 
Figures 10 through 16. The solution-annealed struc- 
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Figure 11—Structure as annealed at too low a temperature. 


ture, Figure 10, shows no grain boundary precipita- 
tion and consists of an unstrained matrix and in- 
soluble carbides. If the annealing temperature is too 
low, the structure shown in Figure 11 results. Both 
grain boundary precipitation and precipitation within 
the grains are observed. The discontinuous, sphe- 
roidal nature and the large size of the grain boundary 
precipitates indicate that they were formed at tem- 
peratures lower than the nominal solution-annealing 
temperature for the alloy, 2230 F, by about 150 F to 
300 F. 

If the alloys are overheated, incipient melting will 
occur primarily in the grain boundaries and to a 
lesser extent at sites of primary carbides. A clear- 
cut case of incipient melting is shown in Figure 12. 
If the incipient melted structure is less well de- 
veloped, it may easily be confused with the struc- 
ture shown in Figure 13. This structure is character- 
ized by the continuous grain boundary precipitation 
which results from cooling too slowly through the 
range of sensitization temperatures. When not 
obvious metallographically, the two structures may 
be differentiated by solution-annealing and water- 
quenching. The incipient melted structure will per- 
sist through such a treatment while the sensitized 
structure will not. 

In solution-annealing any welded structure, it is 
advisable to allow at least one hour at the annealing 
temperature. This serves to homogenize the weld 
metal, breaking up some of the dendritic segregation. 
Figure 14 shows the structure of a weld of the nickel- 
molybdenum-chromium alloy in the as-welded con- 
dition. After partially annealing, the structure is as 
shown in Figure 15. In Figure 16 a fully-annealed 
weld structure has been achieved. Two effects are 
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Figure 12—Structure after incipient melting has occurred. Figure 13—Structure obtained by slow cooling. 
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ion. Figure 14—Structure of nickel-molybdenum-chromium alloy weld metal. Figure 15—Structure of weld after partial annealing. 


noticed: (1) some of the material observed in the ing may be noticed adjacent to what was the molten 
as-welded condition has gone into solution, and (2) puddle. 

led the carbides have agglomerated and spheroidized. During the annealing of the alloys containing 
me 18 Residual evidence of incipient grain boundary melt- molybdenum, precautions should be observed to 
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Figure 16—Structure of weld after complete annealing. 


avoid local oxidation of a rapid nature. This occurs 
when a surface of the workpiece is exposed to stag- 
nant conditions which allow a concentration of 
molybdenum trioxide, a volatile constituent of the 
normal scale, to build up. A flat surface resting di- 
rectly on a furnace hearth would be subject to this 
attack because of the stagnation in the crevice 
formed. Foreign matter on the workpiece may be a 
source of local stagnation and attack. Rapid oxida- 
tion is best avoided by assuring good circulation of 
the furnace atmosphere around the workpiece, which 
tends to carry away the volatile oxide. 

Since oxidation of molybdenum-containing alloys 
at high temperatures is accompanied by a volatiliza- 
tion of the molybdenum trioxide from the scale, it 
was of interest to determine if this loss would be 
accompanied by a depletion of molybdenum in the 
unoxidized metal. The data in Table 7 were obtained, 
for the nickel-molybdenum alloy, by an X-ray 
fluorescence analysis technique in which the surface 
was analyzed after successive removals of 0.0002-inch 
layers. It is seen that a depletion does occur and that 
the apparent depth affected is approximately 0.8 mil. 
For the chromium-bearing, nickel-molybdenum al- 
loy no depletion could be detected. The results ob- 


tained with this technique were in good agreement 


TABLE 6——Solution-Annealing Temperatures for Group 1 Alloys 


Nickel- Molybdenum 
Nickel-Molybdenum-Chromium 
Nickel-Chromium-Iron-Molybdenum 
Cobalt-Chromium-Tungsten- Nickel 
Cobalt-Chromium-Tungsten-Carbon 


2100-2150F 
2210-2160F 
2100-2150F 
2225-2275F 
2150-2225F 
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with emission spectrographic data obtained on a 
tapered specimen. 

Heat-treatment of the high-silicon nickel alloy is 
primarily for purposes of stress-relieving. This is 
accomplished at 1800 to 1825 F followed by a furnace 
cool. Maximum hardness for abrasion resistance may 
be developed at 1100 F, soaking for two hours, and 
furnace cooling. 


Future Trends 


The trend toward higher process temperatures and 
pressures has stimulated corrosion studies under 
these conditions* ** which indicate that high-pres- 
sure conditions may be very demanding on present 
materials. An example of these effects is shown in 
Figure 17. All alloys tested showed very low cor- 
rosion rates when subjected to the normal boiling 
point of the medium, 216 F. The corrosive was ap- 
proximately 10 percent sulfuric acid containing 
furfural residue. When exposed, in autoclaves, to 
the operating conditions of 100 psi, 340 F, the in- 
crease in corrosion rate of one alloy was almost 
5,000-fold and the alloy that appears worst at the 
lower temperatures now appears best. 

It is ever the aim of the corrosion engineer to find 
ways of making ordinary materials perform satis- 
factorily under arduous conditions. These efforts are 
pursued in the interest of conservation as well as 
economic considerations. However, it is clear that 
these efforts will not alone suffice to satisfy the 
future requirements of the process industries. Proc- 
esses utilizing extremely severe conditions will be 
found attractive and materials capable of handling 
these conditions will be sought. The use of high alloys 
may be expected to increase, and the development 
of new, special materials will be justified by the 
economic advantages of the new processes. 
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Quantitative Comparison of Surface Finishes 
And Heat Treatment of Stainless Steel 
With Respect to Corrosion by Jet Fuels* 


By R. G. CARLSON 


Introduction 

N SEVERAL occasions it was found that 440C 
J stainless steel corroded under the environment of 
JP-4 fuel™ and water. This investigation was initi- 
ated to determine the effect of environmental and 
material variables on corrosion. Preliminary work 
revealed, in a qualitative manner, that the surface 
finish influenced the rate of corrosion, Furthermore, 
it was noted! that the varying tempering tempera- 
tures also influenced the corrosion of a similar type 
stainless steel. These two factors were considered in 

this investigation. 


Procedure 
Specimen Preparation 

Four hundred disk shaped samples were machined 
from the same bar of 440C stainless steel. Chemical 
analysis of this material is given in Table 1. Each 
sample was 1% inch in diameter and !¢ inch thick 
with a hole '% inch in diameter drilled in it for sup- 
port during the heat treating operation and corrosion 
tests (see Figure 1). All samples were stamped for 
identification. 

The samples were all hardened at the same time. 
This was done by spacing the samples about 1% inch 
apart on several lengths of nichrome wire; the ends 
of the wire were connected to the sides of the furnace 
charging basket. In this manner the samples did not 
touch each other, nor did they touch the charging 
basket, and hence were identically heated in an air 
atmosphere furnace at 1025 C (1875 F) for a total 
time of 30 minutes and cooled. 

In the tempering operation the samples were laid 
flat in a basket and heated for three hours at different 
temperatures. There were sixteen separate tempering 
temperatures ranging from 150 C (300 F) to 900 C 
(1650 F) in 50 C increments; the temperature varia- 
tion was + 35 C. The effect of tempering tempera- 
tures on hardness also was determined. Rockwell C 
hardness readings were taken on the ground samples 
after corrosion testing. 

\fter the heat treating operation the specimens 
were shot blasted to remove the scale and were then 


passivated to remove any trace of imbedded iron shot. 


* Submitted for publication September 6, 1956. A paper presented at 
the Thirteenth Annual Conference, National Association of Cor- 
rosion Engineers, St. Louis, Missouri, March 11-15, 1957. 

) A kerosene-gasoline mixture (ANF-32), 
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Abstract 


Samples were made from free machining AISI 440C 
stainless steel. They were identically hardened and 
tempered at 16 different tempering temperatures. 
The samples were then given five different surface 
finishes (i.e., grit blast, chro honed, ball burnished, 
ground and carborundum blast). After initial weigh- 
ing the samples were subjected to a corrosion en- 
vironment of J P-4 fuel and water. The samples were 
removed at varying times, cleaned, and again 
weighed. Weight losses were compared for different 
tempering temperatures and different surface finishes. 

From the test results it was concluded that: (1) 
This steel should not be heated above 400 C (750 F) 
for greatest corrosion resistance, (2) Corrosion is 
greater when no JP-4 fuel is above the water, (3) 
The order of corrosion resistance was due largely 
to surface roughness of the different finishes. This 
order, in decreasing corrosion resistance, is as 
follows: (a) Ground surface, (b) Ball burnished, 
(c) Carborundum blast, (d) Chro honed, (e) Grit 


blast. 6.2.5 


All passivation that was done in this experiment was 
performed by immersing the samples in a solution for 
five minutes. This solution contained 50 percent 
(by volume) of 40 degree Bé nitric acid and 50 
percent (by volume) tap water plus 2 percent (by 
weight) of sodium dichromate and was held at 62 C 
(145 F) + 3C. After the samples were removed they 
were rinsed in cold running water, dipped in hot 
water, and dried by blasting with a jet of air. 


The five types of surface finishes were then ap- 
plied to the samples: 
1. Grit Blast 


2. Chro Hone—A liquid honing or vapor blast- 
ing process (water + SiO, base abrasive). 


A No. 60 steel grit was used. 


3. Ball Burnishing—A tumbling operation per- 
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Figure 1—Corrosion sample. 
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Figure 2—Cross section of corrosion environment. 


TABLE —-Chemslcn! Analysis of Tese cee! Material 





ELEMENT | Weight Percent 


Carbon..... Rares ‘ Sida Gare teraie Sawa re 1.03 
Chromium. . pres ea Poe eee are e 17.03 
Manganese. . ee Wate ineatoda a 35 
Phosphorous i aiayeval a ic a laesre a “8 ry .020 
SOMME. 6 ck ses haan Saas ie Sulaier .027 
Silicon. .. Sap a e-ahe Oe Maplara hasan este Baby eee 43 
Moly bdenum. aes sai me a iets 14 
Selenium. ... Sree ae te atten staat Genk 17 


formed by the Frederich Gumm Chemical 
Company. 

. Grind—Samples were ground with aluminum 
oxide wheel while water was flushed over the 
surface. 


Carborundum 60 carborundum 


Blast—A No. 
shot was used. 
After the samples were finished by these five meth- 
ods, they were again passivated, carefully dried, and 
wrapped in absorbent paper (Scotch toweling). Sur- 


face roughness values were obtained on a _ profilo- 


meter for the different finishes. These are recorded 


in Table 2 
Method of Testing 
All corrosion tests were performed in a glass walled 


The tank was 24 inches 
18 inches high, and 12 inches wide. An Epon 


tank with a slate rock bottom. 
long, 
resin paste was used to coat the interior surfaces to 
prevent leakage. A special glass rack was designed to 
fit into the tank and support the glass rods that held 
the specimens. 

Tap water with analysis shown in Table 3 was used 
in this experiment. The J P-4 fuel used in this testing 
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Figure 3—Corrosion weight loss versus temper- 
ing temperature for grit blast samples. 


rane 2—Surface Saugienae Values for Finishes 


SURFACE FINISH 


" Grit Blast. 
" Chro Hone.... 
Ball Burnish. . 
" Grind. 
" Carborundum Blast. 


Surface RMS (Avge.) 


62—75 
a a 





TAB | 3-—-Anatyele « Woeter for Corrosion Test 


Hardness... 
Alkalinity... 
Chloride. 


pH.. ee 
Dissolve “d Solids 


150 parts per million 
116 parts per million 
4 parts per million 


7. 
340 parts per million 


was obtained from the same batch of fuel and stored 
in 5 gallon fireproof drums. It was found that the sul- 
fate was less than 20 ppm, and the sulfite was less 
than 0.1 ppm. The acid content was found to be nil. 
The procedure for the corrosion testing was as fol- 
lows: 
1. Four and one half gallons of the water were 
poured into the tank. 

. Weighed specimens, held by glass rods, were 
placed in position on the glass supporting rack 
in the water. 

. Four gallons of JP-4 fuel were added meticu- 
lously so as to prevent splashing. The com- 
posite arrangement is shown in Figure 2. 

At end of test 
moved, 


period, specimens were re- 
pickled in a solution of 30 percent 
distilled water at 


5 C) for 150 seconds, 


(volumetric) nitric acid + 
ao C i= rinsed in tap 
water, and dried in a desiccator for three hours. 
. Specimens were weighed with accuracy to + 
0.0002 grams. 


Results and Discussion of Results 
Surface Finishes and Corrosion Resistance 
Figures 3, 4, 5, 6, and 7 are curves of the results, 
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Figure 4—Corrosion weight loss versus temper- 
ing temperature for chro-honed samples. 


(i.e., weight loss (mg/cm*) versus tempering tem- 
perature.) The only variable that exists between 
these figures is the surface condition. Using the peak 
of the 384 hour curve (at about 700 C) as a criterion 
for corrosion, the surface finishes can be listed 
order of their corrosion resistance with the ground 
samples representing unity. Note the order of cor- 
rosion resistance in Table 4. 

The area available is a function of the surface 
roughness; this can be approximated as cones with 
varying heights with the area of the base of any 
single cone remaining constant. The area of a cone 
can be calculated from the equation: 


\rea Tr Vr+h’ 
radius of base of cone 


220 X10 in. 
h height of cone 


where r 


The height of this cone can be obtained from the 
Peak to Valley values that are determined from Root 
Mean Square (RMS) values. These RMS values are 
measured with the use of a profilometer. A plot of 
the area available on one ordinate versus the RMS 
value is shown in Figure 9. Also in Figure 9 there 
is another curve of the maximum loss in weight (at 
384 hours) versus the RMS values obtained for dif- 
ferent surface finishes (Table 2). It can be noted that 
the Corrosion versus RMS curve is similar in shape 
to the Area Available versus RMS curve; from this 
it is apparent that the method of finishing the sur- 
face is not as critical as the surface roughness. 


Hardness and Corrosion Resistance 

Corrosion resistance is observed to decrease when 
the samples are tempered in the range of 400 C- 
850 C (750 F-1560 F). However, the corrosion peak 
occurs between 600 C-700 C (1110 F-1290 F). On 
comparing this latter temperature range with the 
hardness curve, Figure 10, it is noted that this cor- 
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Figure 5—Corrosion weight loss versus temper- 
ing temperature for ball burnished samples. 
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Figure 6—Corrosion weight loss versus temper- 
ing temperature for ground samples. 


TABLE 4—Corrosion Resistance Factor aor Corrosion ae) 





Loss in Weight Corrosion Resistance 
FINISH M¢g/cm2 | Factor 

Grind Beas ‘ x | 1.00 

Ball Burnish iisiere ahve af | < 
Carborundum Blast. . 

Chro Hone. 

Grit Blast... 





rosion peak occurs after the precipitation hardness, 
or secondary hardness maximum (450 C-500 C) has 
been exceeded. As a result of this, the loss of cor- 
rosion resistance of this metal possibly is attributed 
to the physical presence of a second phase that is not 
coherent with the matrix, similar to what has been 
hypothesized by Lula, Lena, and Kiefer,? and not 
to a coherent type of strain that has been suggested 
by J. J. Harwood’ for other metals. 

Furthermore, the corrosion resistance increases 
above 800 C temper with a corresponding hardness 
increase. This is readily explainable since this steel 
is air hardening and the a y transformation tem- 
perature (Ac,) begins at 804 C. 

Another point of interest can be observed in Fig- 
ures 4, 5, 7, and 8. There appear to be two corrosion 
peaks. It is possible that this is experimental error. 
If, however, this actually is the case, two different, 
or more probably two simultaneous, mechanisms of 
corrosion occur. 


Effect of the JP-4 Fuel on Corrosion Resistance 
A comparison between Figure 7 (with JP-4 

surface) and Figure 8 (without JP-4 fuel) definitely 
indicates that the JP-4 fuel on the surface increases 
the corrosion resistance. One possible explanation 
for this is that the fuel will absorb the oxygen from 
the surrounding air and permit a generous supply to 
the water, which in turn tends to replenish the sur- 
face of the stainless steel with oxygen and continue 
a passive film. Another consideration is that oxygen 
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Figure 7—Corrosion weight loss versus temper- 
ing temperature for carborundum blast samples. 
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Figure 8—Corrosion weight loss versus temper- 
ing temperature for carborundum blast samples 
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Figure 9—Area available and corrosion versus 
surface roughness (RMS—microinches). 


with No. JP-4 fuel above the water. 


is not present in the water in large enough quanti- 
ties, because of higher solubility of oxygen in the 
fuel, to permit a continuous formation of corrosion 
products. Still another possibility is that the water 
dissolves something out of the fuel that inhibits cor- 
rosion. 


Conclusions 

1. Greater corrosion occurs when there is no J P-4 
fuel above the water. This occurrence is not 
entirely explainable. 

. AISI 440 C and 440 F should not be heated 
above 400 C (750 F) if the best corrosion re- 
sistance is required. It can be noted that the 
greatest corrosion occurs when heated in the 
range of 600 C-700 C (1110 F-1290 F). 

. It is observed (Figure 9) that the two curves, 
Area Available versus RMS and Corrosion 
versus RMS, have the same curvature. From 
this it is concluded that the surface roughness 
is the primary cause for the variation in the 
amount of corrosion for the different surface 
finishes. Listed below, in order of decreasing 
corrosion resistance, are the different surface 
finishes: 

1. Ground Surface 

2. Ball Burnished 
. Carborundum Blast 
. Chro Honed 
. Grit Blast 
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Figure 10—Hardness versus tempering tem- 
perature. 
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DISCUSSION 

Questions by M. G. Fontana, Ohio State University, 
Columbus, Ohio: 

. Why were the specimens “passivated” before and 
after grinding? 

2.1f the specimens were “passivated” before exposure 
to the fuel environment, why did corrosion of any 
of the specimens occur? 


Replies by R. G. Carlson: 

Regarding Dr. Fontana’s first question, after heat 
treatment the oxidized samples were shot blasted; to 
remove any imbedded iron particles (from the steel 
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shot) the samples were passivated prior to grinding. 
Passivation after grinding was done to simulate pro- 
cedures used in the production of the parts made 
from this material. In answer to Question No. 2, this 
stainless, 440C, is not a true stainless because of the 
high carbon content. Similar high weight losses for 
a 410 stainless in 20 percent salt fog tests were re- 
ported in Reference 1 (F. Bloom). Furthermore, the 
steel contained 0.17 percent selenium. As noted by 
S. P. Watkins (Corrosion Resistance of Free Ma- 
chining Stainless Steel. Metal Progress, 39, 1941), 
this material has lower corrosion resistance. 


V ol. 13 


Question by David Roller, Wright Air Development 
Center, Wright-Patterson Air Force Base, Ohio 
Was a mathematical treatment of the data performed 
to determine the effect of each variable on corrosion 
rate after removing the effect of the other variables? 
Were true statistical differences noted between sam- 
ples given identical heat treatments and different 
grinding treatments taking into account the number 

of specimens? 


Reply by R. G. Carlson: 
A statistical analysis of the data was not per- 
formed. 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 
other representative data and be submitted in three 
typewritten copies. 

Authors of discussions are asked to supply one copy 
of figures suitable for reproduction and will be sent 
on request a copy of the NACE Outline for the Prep- 
aration and Presentation of Papers. 
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Discussions will be reviewed by the editor of Corro- 
sion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
together with replies. Discussions to papers presented 
at meetings of the association may be submitted in 
writing at the time of presentation or later by mail 
to the editorial offices of Corrosion, 1061 M & M 
Bldg., Houston 2, Texas. 
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The Growth of Ferrous Sulfide on Iron* 


By R. A. MEUSSNER™ and C. E. BIRCHENALL? 


Introduction 

TINHE FORMATION of a sulfide scale on iron is 

of great practical and theoretical interest because 
of the rapidity with which the sulfide grows at mod- 
‘rate to high temperatures. Consequently sulfide cor- 
rosion of steels in petroleum refining is an important 
rroblem, and the need for better understanding and 
‘ontrol of the process is becoming more apparent. A 
iumber of rate studies have been made in recent 
years, covering a wide range of conditions. Dittrich’ 
sulfidized iron, iron-nickel, iron-chromium, and iron- 
nickel-chromium alloys in the temperature range 300 
o 500 C in hydrogen-hydrogen sulfide mixtures of 
varying ratio up to total pressures of 75 atmospheres. 

‘omparative studies of a wide variety of plain car- 
bon and alloy steels and surface treated steels in 
hydrogen-hydrogen sulfide atmospheres up to about 
00 C were carried out recently by Backensto, Drew, 
ind Stapleford.? In 1951 Dravnieks* measured the 
rates of reaction between iron and molten sulfur be- 
tween 300 and 446C. 

The study of Hauffe and Rahmel* in 1952 of the 
reaction of iron with sulfur vapor included sulfur 
pressure as a variable but was limited to a narrow 
temperature range. The present experimental condi- 
tions are most like the last, although several modifi- 
cations in procedure have been made. Some of the 
changes relate to possible sources of error in Hauffe 
and Rahmel’s measurements, although their descrip- 
tions are not sufficiently detailed to estimate the 
magnitude of uncertainty to be expected. 

Equilibrium studies of the binary system iron- 
sulfur indicate that two stable sulfides are to be ex- 
pected at high temperatures. Pyrite, FeS., has a 
fairly high dissociation pressure, and the reaction 
conditions can be adjusted easily to avoid its forma- 
tion. Pyrrhotite, also called ferrous sulfide or FeS, 
has a wide range of stable composition, from nearly 
stoichiometric on the iron rich side to almost 20 per- 
cent deficiency of iron ions on the sulfur rich side 
at high temperatures. The phase has the NiAs struc- 
ture and appears to be stable down to room tempera- 
ture with only some magnetic and order-disorder 
transitions. 

Ordering of the cation vacancies was demonstrated 
by Bertaut® using X-ray diffraction. This sulfide is 
very brittle, but not very strong, an unhappy com- 
bination which undoubtedly intensifies the corrosion 
problems associated with this material, in addition 
* Submitted for publication October 29, 1956. 

‘) U, S. Naval Research Laboratory, Washington, D. C.; formerly at 

James Forrestal Research Center, Princeton University, Princeton, 

New Jersey. 


© Associate professor of chemistry, James Forrestal Research Center, 
Princeton University, Princeton, New Jersey. 


Abstract 


The rate of growth of ferrous sulfide on iron in sul- 
fur vapor was studied between 650 and 900 C with 
sulfur vapor pressures between 10 and 500 mm of mer- 
cury. When differences in conditions are taken into 
account, the rates seem to be substantially higher 
than those found by Hauffe and Rahmel. The be- 
havior of inert markers and the sulfidation of 
eutectic mixtures of iron and ferrous sulfide indicate 
that the iron ion is much more mobile in ferrous 
sulfide than is the sulfide ion, Self-diffusion coeffi- 
cients for the iron ions were calculated approxi- 
mately, assuming that Wagner’s theory of scale 
growth is applicable. 

The markers were often found a considerable dis- 
tance from their expected location at the metal- 
sulfide interface. This has been attributed to crack- 
ing at the interface in some cases and to interference 
with growth by the markers in other cases. It has 
been shown that nonreactive inclusions slow down 
the rate of sulfidation. 3.2.3 


to increasing the difficulty of studying it experimen- 
tally, 
Experimental Procedure 

The rate of reaction of iron and sulfur vapor to 
form pyrrhotite was determined by measuring the 
quantity of iron converted to sulfide as a function 
of the reaction time. The equipment used in these 
reaction rate studies is shown in Figure 1. The bulb 
of the Vycor reaction vessel which contained the 
iron specimen was maintained at the desired reaction 
temperature by furnace F, and the desired sulfur 
vapor pressure over the specimen was attained by 
immersing the sulfur bulb of the cell in a small bath 
of molten salts (P). 

An electrically heated bridge covering the tube 
connecting the iron bulb to the sulfur bulb produced 
a temperature distribution in the reaction cell which 
continuously increased from the constant tempera- 
ture region of the sulfur bulb to that of the iron 
bulb. The temperatures of the sulfur and iron bulbs 
which were automatically regulated by potentio- 
metric controllers were monitored during each ex- 
periment through thermocouples Ts and Ty. These 
measuring thermocouples were calibrated in place 
by comparison with calibrated standard couples 
placed in a dummy reaction vessel. The temperatures 
in the bulbs were uniform to within +”’% degrees C 
and constant in time to within +1 degree C. The 
temperature required to produce the desired sulfur 
vapor pressure in the cell was calculated from the 
data of K. K. Kelley.® On the basis of these data the 
temperature variation of the salt pot (+1 degree C) 
produced variations in the sulfur vapor pressure 
amounting to +4 percent at 10 mm and +2 percent 
at 100 mm. 
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Figure 1—Experimental apparatus. 


The iron specimens, small rectangular plates, were 
drilled to accommodate the two ceramic support rods 
and surface ground to assure a uniform thickness. 
These specimens were approximately 7 mm wide by 
19 mm long, and ranged from 0.6 mm to 2.5 mm in 
thickness. 

In order to relieve the machining stresses, decar- 
burize the material, and reduce surface oxides, the 
iron specimens were subjected to successive pro- 
longed treatment at 750 to 900 C in atmospheres of 
purified wet and dry hydrogen. Three types of iron, 
designated as A, P, and C, were used in these studies. 
Iron A, Armco iron, contained a moderate population 
of small elongated nonmetallic inclusions. While 
these were not reduced during the hydrogen firing, 
they were spheroidized. Iron P was found to contain 
a large number of nonmetallic inclusions. These ap- 
peared as a very high population of small spheroidal 
particles and a number of rather massive stringers. Be- 
cause of this, iron P was used in only a few experi- 
ments. Iron C, a relatively pure iron which was almost 
entirely free of inclusions, was used for the major por- 
tion of this work. The chemical analysis of this ma- 
terial indicates impurities in the following concentra- 
tions: Ni and Mn each less than 0.01 percent, Si and P 
each less than 0.005 percent, and Mg, Cu, Al, Sn, and 
S each less than 0.001 percent. Carbon was undetect- 
able. 


The sulfur was chemically pure flowers purified 
in the laboratory by refluxing over magnesium oxide 
the technique of Bacon and Fanelli.’ 


Preparation of Reaction Cell 

The preparation of each reaction cell was a rather 
involved process. After the vessel had been made 
from Vycor tubing, an iron specimen was selected, 
its thickness accurately measured with a micrometer 
caliper, clean ceramic support rods inserted in the 
holes of the specimen, and this assembly slipped into 
the open iron bulb of the \Vycor cell. On some speci- 
mens thin lines of chromium oxide (“CRO” polish- 
ing abrasive) were drawn across the width of the 
7 by 19 mm faces to serve as inert markers. In order 
to prevent the oxidation of the iron during the seal- 
ing of the Vycor bulb, large pieces of resublimed dry 
ice were placed around and in front of the specimen. 
This provided an excellent radiation shield, for the 


iron surfaces appeared bright and clean after the cell 
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had been sealed into a vacuum system and the re- 
maining dry ice was pumped off. The entire cell was 
gently flamed, the sulfur slowly melted, and then 
heated to boiling under the reduced pressure of the 
system. By careful manipulation of the torch during 
these flaming operations, and during the subsequent 
cooling period, it was possible to control the conden- 
sation of the sulfur vapor in the cell and to keep 
the iron bulb free of sulfur. With the sulfur thor- 
oughly degassed, the iron sample clean and free of 
sulfide, and the pressure in the cell below 5 x 10° 
mm of mercury, the cell was sealed off. 

The procedure of the actual experimental run was 
simple. When the furnace and salt pot were sta- 
bilized at the desired temperatures the bridge was 
momentarily removed and the iron bulb of a reaction 
vessel was inserted into the furnace. The sulfur bulb 
was refrigerated in a dry ice pack until the furnace 
regained the desired temperature and then the salt 
pot was brought into position around the sulfur bulb 
to start the run. Throughout the reaction period the 
temperatures of the iron and sulfur bulbs were care- 
fully monitored and minor control adjustments made 
to maintain these temperatures at the desired values. 
After the specified reaction time the salt pot was 
lowered, the sulfur bulb quickly chilled in an air 
blast, the bridge removed, and the reaction cell with- 
drawn from the furnace. The cell was then permitted 
to air cool to room temperature. 


Temperature Increase 


During the first few experiments it was observed 
that the temperature of the iron bulb, as measured by 
thermocouple Ty, increased a few degrees shortly 
after the salt pot was raised into position. This was 
due to the heat generated by the initial reaction of 
the clean iron surfaces with the sulfur vapor. The 
magnitude of the true temperature rise experienced 
by the specimen in this initial period of the reaction 
was first indicated directly by the results of an ex- 
ploratory experiment designed to measure the rate 
of the reaction with the iron in the austenitic state. 
[In this experiment the iron temperature was 970 C; 
sulfur pressure was 100 mm of mercury. The re- 
action product was molten iron sulfide indicating 
that a temperature of 988 C (the Fe:FeS eutectic 
temperature) had been exceeded. 


In order to gain a more meaningful measure of 
the temperature of the iron during this initial reac- 
tion period, several cells were prepared in which the 
iron specimens were not supported on ceramic rods 
but lay instead on the bottom of the iron bulb. A 
fine wire thermocouple was attached to the Vycor 
vessel immediately beneath the center of the speci- 
men and the temperature at this point measured dur- 
ing the reaction period. In this series of experiments 
the sufur vapor pressure was held constant at 100 
mm of mercury. With a specimen temperature of 
650 C the maximum rise was approximaely 10 C. At 
800 C the rise was about 25 degrees C, and in some 
cases at 900 C the maximum temperature exceeded 
the eutectic temperature—a temperature rise of 88 
degrees C. Since this heat effect was due to a reac- 
tion at the surface of the iron, it was to be expected 
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Figure 2—Iron C reacted at 800 C and 100 mm Ps, for three hours 


showing longitudinal cracks in the FeS along one side of the specimen. 
(Y% of entire specimen.) 7.5X, bright field. 


that the magnitude of the temperature rise would be 
greatly affected by the surface to volume ratio of the 
specimen, as shown by samples reacted at 900 C and 
a sulfur pressure of 100 mm of mercury. The reaction 
product of one of two iron specimens of 1.77 grams 
mass was molten while samples of mass greater than 
2 grams showed no evidence of a liquid phase being 
formed during the reaction. Thus, it would appear 
that the specimens selected for long reaction times 
(i.e., thick specimens), should yield the more reliable 
data since the initial temperature rise would be mini- 
mized. However, the formation of cracks and the 
separation of the scale from the metal substrate in 
these heavier specimens also introduced additional 
complications. This aspect of the problem will be 
discussed more fully in a later section on the micro- 
structural examination of these specimens. 

In all cases studied the period of overheating was 
of short duration. The specimen temperature rose to 
its maximum value within one minute after the salt 
pot was elevated and dropped quickly thereafter. 
After five minutes the overheat of the specimen had 
been reduced to one-half of its maximum value and 
within ten minutes the temperature was within two 
degrees of the desired reaction temperature. Through- 
out the remainder of the reaction period the temper- 
ature variation of the iron was seldom greater than 
+1 degree C. 

Since the rapid rise in the specimen temperature 
immediately following the immersion of the sulfur 
bulb in the salt pot indicated the initiation of the 
reaction, the reaction time has been taken as the 
total elapsed time between raising the salt pot and 
the removal of the reaction cell from the furnace. As 
a consequence of these observations of the variations 
in the specimen temperature during the initial period 
of the reaction, the data from specimens reacted for 
less than one hour were not considered in the evalua- 
tion of the reaction rates. That substantially no sul- 
fide was formed on the iron until the sulfur was 
heated was determined by holding a reaction cell at 
800 C for 45 minutes without heating the sulfur bulb, 
extracting the cell from the furnace, and examining the 
iron specimen. The iron surfaces were only slightly 
darkened by the formation of a very thin sulfide film. 


Figure 3—Same specimen as Figure 2, showing longitudinal cracks and 
the location of markers (arrows) on each side of the iron. 7. indicates 
the original thickness of the iron specimen, 35X, polarized light. 


Microstructures 

A series of photomicrographs illustrating the 
structures observed in these specimens are shown 
in Figures 2 through 10. Because of the friable na- 
ture of the sulfide scale it was essential that the 
specimens be imbedded in a suitable mounting mate- 
rial before sectioning for metallographic study. A 
liquid epoxy resin (Epon 828 with triethylenediamine 
as a catalyst) was used. Satisfactory mounts were 
obtained by vacuum impregnating the specimens 
with this plastic—after carefully breaking away the 
corners of the sulfide layer to admit the plastic to 
the internal cracks, and then baking at 60 C for 
several hours. 

With the exception of Figures 7 and 8 (i.e., the 
Fe:FeS eutectic specimens), all of these photomicro- 
graphs illustrate the general features of the sulfi- 
dized specimens. One or more longitudinal cracks 
frequently formed in the sulfide along one side of the 
iron plate. The surface of the iron sulfide layer was 
made up of very large grained material while the 
region near the Fe/FeS interface was rather fine 
grained. In the course grained region many inter- 
granular cracks developed. (In polishing, some par- 
ticles of sulfide were pulled out of this very brittle 
material. These voids are readily differentiated mi- 
croscopically from true pores). 

The fine grained region, extensive on the side of 
the specimen showing longitudinal cracking and 
rather limited on the opposite side of the iron, con- 
tained a large number of fine pores. The oxide mark- 
ers (indicated by arrows in those prints where their 
presence is not immediately obvious) are found irn- 
mediately adjacent to the Fe/FeS interface (Figure 
6), only slightly removed from this interface (Fig- 
ures 3, 4, and 5), or deeply imbedded in the sulfide 
pe (Figures 3 and 5). Markers at or near the 
Ke/FeS interface were observed on the “sound”’ side 
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Figure 4—Same specimen us Figure 2, showing one of the markers 
located very near the Fe/FeS interface in the “sound” side of the 
specimen. 200X, polarized light. 


of the specimen while those far removed from the 
interface were seen only where a series of longitudi- 
nal cracks were present—though the markers appear 
well beyond the last visible crack and are located in 
an apparently sound sulfide matrix. 

The width of the longitudinal cracks increased during 
the cooling of the specimen because of the relatively 
larger coefficient of thermal expansion of the iron. To 
minimize this effect and to avoid severe cracking of 
the sulfide arising from this dimensional change, the 
thickness of the original iron was adjusted so that the 
residual plate in the specimen would be thin—approxi- 
mately 0.5 mm. 


Tron Ion Is Mobile Species 

Before discussing the formation of these structures 
in detail, it is desirable to establish the fact that the 
iron ion is the mobile species in the growth of the 
iron sulfide layer (1.e., that iron migrates through the 
sulfide from the Fe/FeS interface to the FeS/S.(g) 
interface) and that the growth of the layer is due to 
the formation of FeS at this latter interface. The 
observation that some of the inert markers do re- 
main at the Fe/FeS interface is sufficient to prove 
this point. 

Many markers were observed at or very close to 
this interface. This is illustrated in Figure 6 where 
a marker is seen to have remained at the Fe/FeS in- 
terface while 70 percent of the original thickness of 
the iron specimen has been converted to FeS by 


growth at the FeS/S.(g) interface. However, addi- 


tional proof of this point is illustrated in Figures 7 
and 8 These photomicrographs show the effect of 
exposing an Fe:FeS eutectic structure to a sulfidiz- 
ing atmosphere. This specimen resulted from the at- 
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Figure 5—lron C reacted at 800 C and 100 mm P,,, for 5% hours, 
showing deep fissuring along the longitudinal cracks and the relative 


location of markers (arrows) on the two sides of the specimen. 7. 


indicates original thickness of the iron. 40X, polarized light. 


tempts to study the reaction at temperatures above 
900 C, where the initial reaction proceeded at such a 
high rate that the specimen temperature was raised 


well above the eutectic temperature. The resulting 


liquid flowed into the bottom of the Vycor bulb, and 
froze, and during the remainder of the reaction time 
this eutectic material was exposed to the sulfur at- 
mosphere (100 mm of mercury). As shown in Fig- 
ures 7 and 8 the iron of the eutectic iron particles 
near the exterior interface has migrated through the 
sulfide to the FeS/S.(g) interface leaving behind 
voids of the same size and shape as the remaining 
iron particles more distant from the interface. Thus 
it must be concluded that the sulfide ion is much less 
mobile than the iron ion and that the latter is largely 
responsible for the growth of the sulfide. 

The increase in grain size of the sulfide near the 
outer surface of the normal specimens may be in- 
terpreted as a result of this growth mechanism. The 
initial layer of FeS nucleated on the metal is fine 
grained but because of the anistropy of the growth 
rates of the sulfide crystal surfaces exposed to the 
atmosphere some grains are quickly enveloped by 
their fast growing neighbors and a coarse grained 
structure results. 

A careful study of the microstructures of a large 
number of specimens has suggested the following 
sequence for the formation of the longitudinal cracks. 
Karly in the sulfidation period the iron specimen is 
confined in a compact, fairly rigid shell of iron sul- 
fide. As the thickness of this shell increases the vol- 
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Figure 6—lron C reacted at 800 C and 100 mm P.,, for 15 minutes 


showing a marker at the Fe/FeS interface. 7 indicates the original 
thickness of the iron. 100X, polarized light. 


ume of the remaining metal must decrease. Because 
of the geometry of the specimen and the growth 
mechanism, compressive stresses arise in the outer 
layers of the sulfide and tensile stresses across the 
Fe/FeS interfaces. Under this stress system the sul- 
fide appears to resist deformation. As the sulfide in- 
creases in thickness the magnitude of these stresses 
increases until failure occurs at the Fe/FeS inter- 
face. Since the rate of removal of iron is greatest at 
the corners and edges of the specimen, the crack 
generally originates near these sites and spreads 
slowly across the iron interface. The formation of 
such a crack on one side of the iron seems to be 
sufficient since such cracks are generally observed 
in the sulfide on only one side of the specimen. A 
new layer of sulfide grows on the exposed iron and 
in time the process of the formation of a longitudinal 
crack is repeated as shown in the photomicrographs. 

Measurements of the thickness of the sulfide layers 
on opposite sides of the iron specimen indicate that 
this cracking apparently does not materially alter the 
growth rate. The thickness of the cracked sulfide 
layer was never more than 10 percent greater than 
that of the relatively sound layer. This small differ- 
ence 1s not considered important in view of the dif- 
ficulty of the measurement. The source of these dif- 
ficulties (i.e., the unevenness of the outer surface, and 
the presence of void volumes within the scale layer) 
can be seen in Figure 2. From these observations it 
seems that the overall rate of growth of the sulfide 
layers on opposite sides of the iron specimen was 
unaffected by the complications of crack formation. 
Hence, it is reasonable to consider the rate of re- 
moval of iron to be the same from both faces of the 
specimen. On this basis the center line of the remain- 
ing iron plate is considered to coincide with that of the 
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Figure 7—Eutectic Fe:FeS specimen. Iron C sulfidized at a tempera- 
ture above 900 C at 100 mm Ps,. The sulfur vapor interface is above; 


the iron substrate below the area of this photomicrograph. Voids result- 
ing from the migration of iron to the FeS/S:(g) interface are shown 
in the upper portion of the picture. 200X, bright field. 


original specimen and the thickness of the original 
plate (7) has been so indicated to the right of Fig- 
ures 3, 5, and 6. The location of the markers on the 
cracked side of these specimens indicates that these 
markers were detached from the Fe/FeS interface 
early in the reaction period. 


Detachment of Markers 


A more detailed examination of the microstruc- 
tures suggests two possible means for the detach- 
ment of markers under the conditions that the iron 
ion alone is mobile. The markers may become de- 
tached by the action of a crack propagating along 
the Fe/FeS interface as previously suggested. In 
Figure 4 it appears that a crack has penetrated be- 
tween the marker and the iron substrate late in the 
reaction period. 

Another mechanism for the detachment is shown 
in Figure 5. Here the small marker shown in the 
lower right of the picture has become detached as a 
result of its interference with the flow of iron from 
the area of attachment. By impeding the reaction the 
marker sits on a protruding bit of iron as seen in 
Figure 6. This base is undercut as the reaction pro- 
ceeds and finally the marker is completely detached 
from the iron surface without crack formation. The 
two “deeply imbedded” markers of Figures 3 and 5 
may have become detached by the undercutting 
mechanism. In the latter cases the sulfide matrix 
about these markers is sound and evidence of an old 
crack is lacking. Also the iron surface beneath these 
markers is slightly convex, perhaps indicating the 
last remains of the “stump” from which the markers 
were finally detached. 

It is believed that as a consequence of the com- 
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Figure 8—Same as Figure 7 showing voids resulting from the migration 
of iron from the eutectic iron particles to the FeS/S.(g) interface. 
Transverse crack at left is along a grain boundary. 750X, bright field. 


pression stresses near the surface, the longitudinal 
cracks are not connected to the exterior surface of 
the sulfide layer and hence the direct entry of sulfur 
vapor into these voids is not possible. The observa- 
tions supporting this view are (1) the equality of 
the total amount of sulfide formed on the cracked 
and uncracked sides of the specimen, and (2) the 
unusual pore or fissure formation on the inside of the 
detached sulfide layer. 

The transverse cracks, most often intergranular 
cracks, are presumed to form on cooling and not 
during the reaction; therefore these cracks cannot 
operate to admit sulfur vapor to the interior of the 
specimen. The transverse crack shown in Figure 8, 
the eutectic specimen, clearly illustrates that no 
penetration of sulfur vapor has occurred along this 
grain boundary crack since iron particles appear very 
near, indeed appear to be in the crack as a result of 
the broadening of the crack in polishing. Thus it ap- 
pears that this type of crack forms on cooling. 

One possible explanation for the formation of the 
fissures and the growth of the new layer is the fol- 
lowing. The formation of a longitudinal crack sepa- 
rates the FeS layer from the source of iron. Iron ions 
continue to migrate toward the FeS/S.(g) interface, 
(i.e., down the existing concentration gradient). As a 
result iron ions continue to arrive at the external 
surface and react to form additional sulfide. The 
sulfur concentration, and the iron vacancy concen- 
tration, at any point in the interior of the sulfide 
layer is thus increased. 


Sulfur Content 

Hagg and Sucksdorft* have shown that an in- 
crease in sulfur content produces a marked contrac- 
tion of the lattice. Since the sulfur concentration at 
the exterior surface remains constant no contraction 
is experienced there, but the extent of the contrac- 
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tion due to the possible change in composition in- 
creases with distance beneath the gas interface— 
becoming large at the interior surface of the layer. 
This contraction of the sulfide causes the crack to 
broaden and may also initiate the intergranular fis- 
sures. As the sulfur content of the material adjacen 
to the crack increases, the equilibrium sulfur vapor 
pressure also increases, and sulfur is released into 
the crack volume. By this means a new layer oi 
sulfide is permitted to grow on the exposed iron 
surface without direct entry of sulfur vapor from the 
exterior or the transport of sulfur through the lattice. 
The equality of the thickness of the sulfide layers 
on the two sides of the specimen might be taken to 
indicate that sulfur is vaporized and transferred so 
rapidly across the gap that the rate controlling proc 
ess remains diffusion of iron ions in the solid sulfide 


Rate Measurements 

3ecause of the difficulties in determining the true 
thickness of the sulfide layers (i.e., rough surface. 
and interior pores and cracks) measurements of scale 
thickness were abandoned and the progress of the 
sulfidation reaction was determined by measuring 
the decrease in the thickness of the iron specimen. 
These measurements were made near the center of 
the plane of polish. By this means corner and edge 
effects, which must be present in any measurement 
such as total weight change, were entirely elimi- 
nated. The measurements were made on a projection 
microscope and the recorded values of the iron thick- 
ness were the average of ten determinations spaced 
uniformly across a region approximately 5 to 7 mm 
long near the center of the specimen. One-half of 
the decrease in thickness of the iron plate (1% Ar) is 
then a measure of the mass of iron per unit area of 
interface that has been converted to sulfide during 
the reaction period. 

The data from specimens of pure iron, iron C, 
isothermally reacted at a sulfur vapor pressure of 
100 mm of mercury with temperatures from 650 to 
900 C are shown graphically in Figure 11. Complete 
series of specimens were employed to define the 
course of the reaction at 700 and 800 C, while only 
a few specimens were used to indicate the reaction 
rates at 650, 750, and 850 C. Because of the magitude 
of the overheating during the initial period of the 
reaction only two specimens survived the experi- 
ments at 900 C without showing evidence of the 
formation of a liquid phase—and in one of these the 
sulfur reservoir was almost entirely empty at the 
end of the experiment. Thus the line for the 900 C 
reaction rate is shown as a dashed line. Investiga- 
tions were not pursued below 650 C because a second 
sulfide, pyrite (FeS,), becomes stable under these 
conditions.® This plot of iron consumed per square 
centimeter of interfacial area vs the square root of 
the reaction time clearly indicates that the parabolic 
growth law is obeyed. Thus the sulfide layer is “pro- 
tective” and the growth rate is determined by the 
diffusion of iron through the scale. The fact that 
these data extrapolate rather well to zero iron con- 
sumption at zero reaction time confirms the observa- 
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‘ion that the temperature rise during the initial 
eriod of the reaction was short in duration. 


-ressure Dependence 

In addition to the experiments defining the tem- 
erature effect on the reaction rate a second series 
if experiments was conducted to study the pressure 
lependence of the rate. In these experiments the iron 
temperature was maintained constant at 800 C, a re- 
iction time of two hours was employed, and the 
sulfur vapor pressures were varied from 500 down to 
10 mm of mercury. The data from these experiments 
are given in Table 2 and are shown graphically in 
Figure 12, as Wagner’s rational rate constants.*° 
Data from the first set of specimens prepared in 
exactly the same manner as the specimens used in 
the temperature dependence experi- 
ments are plotted as filled circles. 
These data, in the pressure range of 


¢ 5 smereeneiey” Seales 
500 to 50 mm of mercury indicate Sa vee ea 


THE GROWTH OF FERROUS SULFIDE ON IRON © 85 


Minimizing of Thermal Diffusion Effect 

In order to minimize this thermal diffusion effect 
two modifications in the preparation of the reaction 
cells were made: (1) the volume of the reaction ves- 
sel was increased by lengthening the iron bulb and 
by enlarging the diameter of the tube connecting it 
to the sulfur bulb, and (2) the hydrogen fired iron 
specimens were vacuum annealed at 800 C for eight 
hours at a pressure of approximately 10° mm of 
mercury. Although these modifications did not com- 
pletely eliminate the problem, they did result in in- 
creased rates at low pressures. 

The specimens subjected to the vacuum extraction 
process are indicated in Table 2 as “CV” specimens 
and are plotted as open circles in Figure 12. Speci- 
mens CV-1 and CV-5, reacted at 10 mm pressure, 


TABLE 1—Calculation of Rational Rate Constants and iron Self-diffusion Coefficients 


= 36.5 w/o, =PFe = 7.86 gm/cm* 





the theoretically predicted pressure © ——————_——— 


























lependence of the reaction rate. At Temp.) K’ | < CG |  Dre* 
a sulfur vapor pressure of 25 mm __ grees oe tl ae | | was (=") log | ~~) (=) 
of mercury the observed reaction _©_|em*sec!® (wie) | (wr/ed| (auafem” | NemResey | Fier | eee |X ems ]| \sec 7 
rate was lower than expected, and 993 | gato: |as]s0a2| 452 | gamige [ em | aes | semige |" singe 
at 10 mm of mercury the rate was {8 | Sagug+ | 412 |gsag| 82 | wzrasige | 84 | Bat | Samos | Sati0 
negligible (the specimen survived $3 | Bigs | Bazar] 268 | ames | SP | Sh | Beige | ais 
the two hour exposure without form- | | 
ing much more than a tarnish film). 

A subsequent attempt to investi- re aati 
gate the rate at this pressure yielded : 1 3 
a specimen with a scale of non- 1) oa xa i 
uniform thickness. The sulfide layer | Sickest (je :) Be ae | ities | (2%) 
was thickest on the end of the iron a . | | ee 
specimen near the sulfur inlet and a a Goma as 38.68 tao | yee 
tapered off to a tarnish film at the Bee ee eOn10* | 3094 | 3822 | 463 | 2sixios 
opposite end. The scale at the thick es 
end was never measured but was 
estimated to be approximately 4% 
mm in thickness. These results sug- 
gested that some gas other than S, TABLE 2— Pressure Dependence of Rate Constants 
was present in the cell during the T = 800C, S' = 36.5 w/o, Pre = 7.86 gm/cm* 
reaction period and that the gas was ——=———————————————— = re 
of lower molecular weight than the K’ | K- 
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a Tesla coil discharge indicated a Ce cases 25 | 4.72x10-4 rss ea 9.33x10-8 
pressure of the order of 10° to Se NED eee 38.64 37.57 | 472 , 
10°* mm of mercury pressure in the eee nE ENS ™ mean aacennail 
cells. When the sulfur bulb of an 
unopened cell was immersed in liquid Data of Hauffe and Rahmel’ 
nitrogen the gas discharge slowly ee 
weakened and finally vanished. On cv) K- 
opening the cells a very faint odor | Pag ( _ ) sy | s | Pre | (A=. 
was occasionally detected. These ob- SPN | (mm Hg) |\em?sect/ | (w/o) _| | (am/cm®) | \cm? sec 
servations indicated that the gas in ND oeioe | 40.50 a; - oo 
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drogen source being the iron speci- - ===> 
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+ Specimen temperature of CV-13 = 805 C starred data corrected to 800 C 
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Figure 9—-Fe/FeS interface of an Iron A specimen (annealed in argon) 
reacted at 700 C and 100 mm Ps. for seven hours, showing the accumu- 


lation of non-metallic inclusions in the FeS near the interface. 300X, 
polarized light. 


developed rather thick uniform scales; however, the 
rates were less than expected from an extrapolation 
of the high pressure data. This may indicate that the 
volume of residual gas was still sufficiently large to 
interfere. At a pressure of 25 mm the rate was in- 
creased to the extrapolated value by these modifica- 
tions. Vacuum extracted specimens were reacted also 
at sulfur vapor pressures of 100, 250 and 500 mm. 
The 500 and 250 mm samples yielded rates compara- 
ble with the earlier data. The 100 mm _ specimen 
yielded a rate lower than that established by the 
temperature dependence series of specimens reacted 
at 800 C. Because the rate at 800 C and 100 mm has 
been repeatedly established by the earlier experi- 
ments, the result from this vacuum extracted speci- 
men is assumed to be in error. 


Inclusions Reduce Rate 

These data then define the reaction rate at 800 C 
over the range of sulfur vapor pressures from 500 
mm to 25 mm of mercury. The decrease in rate at 
10 mm its interpreted as being the effect of residual 
hydrogen reducing the effective sulfur potential of 
the atmosphere over the iron specimen. 

The results of a few experiments run on irons A 
and P are presented in Figure 13. Iron A showed a 
slightly lower reaction rate than the pure iron C as 
seen by a comparison of the data from experiments 
at 700 C and a sulfur pressure of 100 mm of mercury. 
However, it is also to be noted that these data for 
iron A indicate a parabolic growth of the sulfide. 
This lower rate of reaction of A, as compared to C, 
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may be readily associated with the occurrence cf 
nonmetallic inclusions. Inclusions were deposited «t 
the Fe/FeS interface by the consumption of ircn 
during the reaction, and since they were insoluble in 
the sulfide, their presence at this interface effective y 
decreased the available interfacial area. Thus, the 
measured reaction rate was lowered. 

A photomicrograph of the interface of one of these 
specimens is shown in Figure 9. In this the rather 
porous layer near the iron interface is seen to cor - 
tain many of the inclusions which have been freed 
from the metal by the regression of the iron interface 
during the reaction. The porousness of this layer 
may be an indication that the inclusions act to init - 
ate cracks and produce spalling of the sulfide layer 
on a microscale. By this process of the arrival of new 
inclusions at the interface and the removal of others 
by crack formation the effective interfacial area per 
unit area is essentially constant with time. Thus the 
parabolic growth law is obeyed but the measured 
rate is somewhat lower than the true rate. 


The prolonged heat treatment involved in hydro- 
gen firing partially spheroidized the elongated inclu- 
sions. This change in the average shape of the inclu- 
sion should decrease its effective blocking area at 
the interface and hence the measured rate of the 
reaction for such specimens should be greater than 
that for argon annealed specimens, where the inclu- 
sions retained their elongated forms (Figure 9). The 
data points (Figure 13) for the hydrogen treated 
specimens (circles) are slightly above those for the 
argon annealed specimens (squares). 

[ron P, which contained a very large number of 
fine nonmetallics and some massive stringers, dis- 
played a greatly reduced sulfidation rate. In Figure 
13, these data plotted as filled circles are to be com- 
pared with the line defined by iron C when both 
were reacted at 800 C and 100 mm pressure. 

Iron P is seen to show a reaction rate to be ex- 
pected at a reaction temperature of 700 rather than 
800 C. This marked reduction in the rate is directly 
attributable to the accumulation of inclusions at the 
Fe/FeS interface (Figure 10). Here the inclusions 
formed a nearly continuous layer at the interface 
greatly reducing the effective area for the transport 
of iron from the metal into the sulfide layer. The 
detached marker in Figure 10 indicates the location 
of an earlier longitudinal crack. The apparent sound- 
ness of the sulfide between this marker and the re- 
maining iron implies that these inclusions do not 
themselves produce microspalling but that the de- 
tachment occurs by the formation of longitudinal 
cracks as described earlier. It also appears that the 
crack separates the sulfide layer from the accumula- 
tion of inclusion rather than progressing along the 
Fe/FeS interface. The detachment at the metal inter- 
face, as seen in the photomicrograph, probably oc- 
curred during cooling and not during the reaction 
period. Under these conditions the reaction rate must 
decrease with time more rapidly than predicted by 
the parabolic rate law since the effective interfacial 
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area has been reduced by the arrival of new inclu- 
sions at that plane and essentially none of this ma- 
terial is being removed from this site. 


Calculations and Results 


In order to compare the present data with those 
btained by Hauffe and Rahmel* all reaction rate 
lata have been converted to Wagner’s rational rate 
onstant.!® This constant, K,, is defined for the pres- 
‘nt reaction as the number of equivalents of iron 
ransferred from the metal to the sulfide across a 
init interfacial area (cm?) in a unit time (second) 
vhen the sulfide layer is of unit thickness (cm). 
since all of the data required for these calculations 
vere not available some approximations and simpli- 
ying assumptions were required. 

The sulfur content of the FeS at the Fe/FeS inter- 
ace (S’)> was assumed constant (independent of 
emperature, sulfur vapor pressure in the reaction 
ell, and time of reaction). This is reasonable since 
1) the low sulfur limit of the FeS field in the Fe-S 
hase diagram of Jensen" is invariant with tempera- 
ure at 36.5 w/o), (2) there is strong evidence to 
ndicate that the diffusion of iron through the scale 
s rate controlling and not the reactions at the inter- 
aces, and (3) a free iron substrate remained for all 
xperimental reaction times. The sulfur content of 
he sulfide at the FeS/S.(g) interface was obtained 
y a linear interpolation of Rosenqvist’s'* data. The 
iata of Kelley® was used to convert Rosenqvist’s 
(H.S/H.) pressures to sulfur vapor pressures. The 
average sulfur content (S) was taken to be 
(S’ + S”)/2. Data for the density of the sulfides were 
those given by Hagg and Sucksdorff* which com- 
pare very favorably with those reported more re- 
cently by Haraldsen."* 


Linear Sulfur Gradient Across Scale Thickness 


No direct evidence is available to support the 
simplifying assumption of a linear sulfur gradient 
across the thickness of the scale. However, a com- 
parison of the experimentally observed ratio of the 
thickness of iron consumed to the thickness of sulfide 
produced with those calculated from the above 
data indicates that this assumption is reasonable. 
The experimental ratios, because of uncertainties in 
FeS thickness measurements, showed some scatter 
(enough to mask any trend with temperature) but 
centered about an average value of 0.36 cm* of iron 
to yield 1 cm®* of sulfide. The calculated ratios are as 
follows: at 650 C—0.347, 700 C—0.352, 750 C—0.358, 
800 C—0.363, 850 C—0.366, and 900 C—0.370 cm‘*. 
Using data from these sources the present reaction 
rate constants (mm Fe*cm“*hr-*) and those of 
Hauffe and Rahmel [(gm S*cm~*)?*sec"!] were con- 
verted to Wagner’s rational rate constant K, (eq Fe* 
These have been tabulated in Tables 


2 


cm7*sec"!). 
1 and 2. 


( Single primed symbols refer to the metal-sulfide interface, double 
primed to the sulfide-gas interface, and barred symbols indicate 
average values, 

@) Rosenqvist's!? data might be interpreted as showing a slight change 
in this composition with temperature—approximately 35.0 to 36.5 
w/oa S from 650 to 900 C, 
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Figure 10—Fe/FeS interface and marker in Iron P specimen reacted at 
800 C and 100 mm Ps,, for four hours showing almost continuous layer 


of non-metallic inclusions built up at interface, 125X, polarized light. 


The growth of FeS on iron, as demonstrated by 
the retention of markers at the Fe/FeS interface, 
occurs by the migration of iron ions from the Fe/FeS 
interface to the FeS/S,. interface where the iron ions 
react with sulfur from the gaseous atmosphere to 
form additional sulfide. The applicability of a para- 
bolic growth law (Figure 2) indicates that diffusional 
flow through the scale is rate controlling. Hagg and 
Sucksdorff* have shown from density data that the 
sulfur rich lattice contains cation vacancies and not inter- 
stitial anions. Therefore the rate controlling process 
is taken to be a cation vacancy diffusion process. 

On the basis of this mechanism the equation for 
the reaction may be written 


2 Fe**(s) + 2S=+ 2h (Fe**) + 
4h (e7) (1) 


4e- + 2 Fe**(s) + S.(g) 


where h(Fe**) indicates a cation vacancy and h(e-) 
indicates an electron hole (or trivalent iron ion). 
Since the concentrations of e-, Fe** and S° are prac- 
tically constant the mass action constant may be 
written 

[h(Fe**) ]}? [h(e-) ]’ 

Ps, 
2[h(Fe**) ] 

K’¢Ps.¥" (3) 


From equation (1), [h(e-)], hence 


[h(Fe**) ] 


Thus the cation vacancy concentration in the sulfide 
lattice at constant temperature is proportional to 
the 4% power of the sulfur vapor pressure. The re- 
action rate constant, K,, should be proportional to 
the concentration of vacancies if the vacancies do 
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Figure 11—Decrease in the thickness of iron 

C specimens during reaction time as a function 

of the reaction temperature. Sulfur vapor 
pressure constant at 100 mm of mercury. 


not interact strongly with each other and a plot of 
log K, vs log Ps, should be linear and have a slope 
of 4%. The data presented in Figure 12 confirms that 
the variation of log K, with log Ps, is linear (from 
500 mm Ps, down to the point where the experimen- 
tal conditions failed—at approximately 10 mm Ps.) 
and the slope of this line is approximately 1%. 

Hauffe and Rahmel* observed the same behavior 
at 670 C, and because of the nature of their experi- 
mental conditions they were able to extend their 
measurements to very low pressures. These data 
are also shown in Figure 12. 

Since the growth of the sulfide layer has been 
shown to be controlled by the vacancy diffusional 
flow of iron ions alone, it is possible, through Wag- 
ner’s analysis,'® to evaluate an average self-diffusion 
coefficient for iron in the sulfide lattice. Because of 
the lack of detailed knowledge of the sulfur concen- 
tration gradient existing in the scale, and hence of 
the concentration of cation vacancies, the values of 
this diffusion coefficient must be considered only as 
a very crude approximation. Direct measurements 
of the self-diffusion coefficients in FeS by the use 
of radioactive isotopes are now being attempted in 
this laboratory. 

For the present calculations the relation proposed 
by Wagner is the following: 


” 


as 


K, re e D*re + D*s ] a In as (4) 
as 

Here D*,, the self diffusion coefficient for the anion, 
may be considered negligibly small; Zs, the valence 
of the anion, is taken as two; Cy, Cre Zre = Cs|Zs| 
where the concentrations Cr. and Cs are in moles/ 
cm*; and K, is the rational rate constant as defined 
previously. Thus equation (4) becomes 


(as 
K, C4 Zre D*re d In as (5) 


fas 


K, = 2,303 Cs D*re [Zr log P”s, — Z’ze log P’s,] (6) 


where Z”y, is the valence of iron at the gas interface 
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Figure 12—The effect of sulfur vapor pressure (Ps,) on the rate constan: 
(K,) for iron C. Temperature = 800 C. 


and Z’p. is the valence at the metal interface, P’s, 
is the decomposition pressure of FeS, and P”s, is the 


sulfur vapor in the reaction cell. Thus at P”s, 100 
mm Hg. 


Kr = 4.606 Cs D*re [Z”re — log P’s,] (7) 


Rational rate constants and the values of D*», cal- 
culated from these are listed in Table 1 and plotted 
on a logarithmic scale against the reciprocal of the 
experimental temperature (degrees K) in Figure 14. 
The data of Hauffe and Rahmel, converted to K,, 
also are given in this table. The activation energy 
indicated for this approximation of D*,, is 20,600 
cal/mole. 


Discussion 


Comparison of the present rate data with those of 
Hauffe and Rahmel show a consistent disagreement. 
In Figures 12 and 14 the dash lines represent the 
present data adjusted to the conditions of Hauffe 
and Rahmel’s experiments. They indicate rate con- 
stants almost twice as large as those determined in 
the earlier work. Possible contributions to this dif- 
ference are discussed below. 

Hauffe and Rahmel characterized their specimen 
material as electrolytic iron but gave no analysis. In 
view of the results obtained here on Armco iron, it 
is unlikely that the difference in the compositions of 
the materials used in these studies could account for 
the difference in the results, although some contri- 
bution might come from this source. 

The geometry of the specimens employed and the 
methods used in determining the rate of reaction 
may account for more of this difference. Hauffe and 
Rahmel used specimens 0.20 mm in thickness (other 
dimensions not reported) and measured the total 
weight gain of the specimen. The data were reported 
only as a derived plot (weight of sulfur per cm? of 
interface)* versus time and the method of evaluating 
the total interfacial area was not mentioned. The 
curves (wt S*cm*)* vs t, indicated a parabolic be- 
havior throughout most of the reaction time. The 
last data points on the curves at 670 C indicated a 
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Figure 13—The effect of non-metallic inclu- 
sions on the rate of the reaction. Sulfur vapor 
pressure constant at 100 mm of mercury. 


wt gain/cm? of 4.8 x 10° gm/cm? corresponding to 
« sulfide layer approximately 0.26 mm in thickness— 
requiring the consumption of 0.09 mm of iron. Since 
‘iis reaction occurs on both faces of the specimen 
the thickness of the remaining iron should be 0.02 
inm. If the calculations of weight gain per unit area 
were based on the original total surface area (i.e., 
assuming that edge and corner effects were negli- 
gible and that the iron core retained its original 
length and width—decreasing only in thickness), 
then the derived reaction rates should be low. Devia- 
tions from parabolic growth are to be expected also. 

These authors also indicated that when a specimen 
f iron which had completely reacted to FeS was 
broken open a central void was observed. This, they 
concluded, was a manifestation of the vacancy mi- 
gration of iron ions through the sulfide. Hence they 
observed a detachment of the sulfide. No study of 
the microstructure of these specimens was indicated, 
but the detachment and the cracking present in their 
specimens may have been more severe than that 
shown in the photomicrographs included in this 
paper. In this present study only a few specimens 
were inadvertently converted entirely to sulfide. 
Polished sections of these revealed some central 
porosity but no extensive cavity. 


Uncertainty of Temperature 

Difficulties in determining the true specimen tem- 
perature may, in part, account for the lower reaction 
rates and the curvature of the log K, vs 1/T line 
of the Hauffe and Rahmel data shown in Figure 14. 
These investigators were forced to accept a temper- 
ature uncertainty of +4 degrees C in the upper fur- 
nace (iron specimen) and +2 degrees C in the lower 
furnace (sulfur reservoir) of their vertical tandem 
furnace arrangement. In the preliminary work for 
the present studies the possibility of using similar 
furnaces was investigated. Experiments showed that 
it was extremely difficult to obtain the desired tem- 
perature distribution in vertical furnaces and that 
the temperature distribution was not reproducible. 
The gradual curvature of Hauffe and Rahmel’s data 
shown in Figure 14, may be a consequence of the 
overheating of the specimens due to the heat of for- 
mation of FeS which would be most important at the 
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Figure 14—The effect of reaction temperature 

on iron ion self-diffusion coefficient and the 

rate constant (K,) for iron C. Sulfur vapor 
pressure — 100 mm of mercury. 


higher temperatures. These specimens were very 
thin (0.20 mm) and had a large surface to volume 
ratio. These K, values calculated from Hauffe and 
Rahmel’s data were subject to the same averaging 
in conversion as the present results. 

The ability of these investigators to obtain rate 
data at low sulfur pressures, unobtainable in the cur- 
rent studies, may be the result of the difference in 
the geometry of their reaction vessel from that em- 
ployed here. Their reaction cell appears to have been 
much larger and thus able to hold small amounts of 
gaseous impurities without seriously interfering with 
the sulfur vapor concentration. 

No other comparison of rate data for the growth 
of FeS on iron is possible since most of the other 
investigations reported in the literature are essen- 
tially alloy evaluation studies.'*"* In these experi- 
ments various sulfur bearing atmospheres were em- 
ployed but the experimental conditions rarely yielded 
definitive rate data. 


Rate of Growth of FeO and FeS 

A comparison of the rate of growth of FeO and 
FeS is of interest. The structure of these two phases 
are much more similar than is indicated by the nor- 
mal representation of their ionic arrangement. FeS is 
a NiAs type lattice, while FeO is NaCl type. In FeS 
the structure can be built up of close packed planes of 
atoms characterized by the form (a Ba Ca BaC---), 
where “a” represents a plane of iron ions and “B” 
and “C” planes of sulfide ions. The arrangement of 
the sulfide ions corresponds to hexagonal close pack- 
ing. This is very nearly the case in this phase—the 
sulfide ion packing is only slightly distended by the 
insertion of the planes of iron ions. These iron ions 
occupy octahedral holes between the anion planes. 
The FeO lattice may be viewed as two interpenetrat- 
ing face centered cubic lattices one containing the 
anions, the other, the cations. Each of these is char- 
acterized by a close packed plane sequence (ABC 
MBG © occ ). Thus in the oxide the anions are 
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very nearly close packed and the cations fill inter- 
stices between these planes. 

Soth of these phases exist over a range of compo- 
sitions—the composition change being effected by 
the removal of iron ions from the lattices with elec- 
trical neutrality preserved by converting an appro- 
priate number of ferrous ions to the ferric state. 
Since the growth of each of these phases occurs by 
vacancy diffusional flow of the cations a comparison 
of rates is plausible. 

Using the data of Himmel, Mehl, and Birchenall’® 
for wustite growth at 800 C, the rational rate con- 
stants for FeO and FeS are respectively 0.25 x 10° 
and 18 10° eq cm? sec". 
iron self-diffusion in these phases the activation en- 
ergies are given as 29,700 cal/mole for FeO contain- 
ing 0.907 moles of Fe per mole of 0 and 20,600 cal, 
mole for “FeS”—a very rough estimate from sam- 
ples in which the mole ratio of iron to sulfur varied 
from one at the Fe/FeS interface to 0.84 at the 
FeS/S.(g) interface. Thus the higher growth rate 
of the sulfide may be associated with the larger size 
of the sulfur ion with respect to the iron ion and the 
greater concentration of vacancies permissible in the 


From measurements of 


iron ion sites. 

The interpretation given these experiments is not 
in agreement with a recent result reported by Pfeit- 
fer and Ilschner."® They sulfidized iron in normal 
sulfur vapor for 10 minutes at 670 C then for 120 
minutes in sulfur vapor to which radioactive sulfur 
had been added. Rates were not measured on these 
samples nor were the cross sections examined metal- 
lographically. The sulfide scale was removed mechan- 
ically from the substrate, and the radioactivity was 
measured from both sides of the scale and found to 
be the same. If the whole scale was removed and 
not just the outer part (note the porous plane of 
mechanical weakness in Figure 6) and if no connec- 
tion existed during the growth period between the 
interior of the sulfide and the vapor phase (note the 
corner effect in Figure 2), then the result clearly im- 
plies that sulfide ions diffuse about as rapidly as iron 
ions in the sulfide lattice during growth. Preliminary 
iron. self-diffusion measurements in this laboratory 
confirm the unusually high mobility of the iron ions, 
and the marker evidence presented here supports a 
much lower mobility for sulfide ions. In view of the 
much greater size of the latter and the brittleness 
of the crystals it is difficult to believe that the radio 
active sulfur experiment of Pfeiffer and Ilschner is 


as simple in detail as it has been assumed to be. 


Summary 


_ Inert chromium oxide markers retained at the 
Fe/FeS interface during the growth of the sul- 
fide layer show that the iron ion is much more 
moble than the sulfide ion in the FeS lattice. 


. The accumulation of nonmetallic inclusions dur- 
ing the growth of FeS on the Armco iron and 
iron P confirms the marker movement data. 

. Sulfidation of a Fe:FeS eutectic specimen showed 
conclusively that the diffusion of the iron ion is 
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largely responsible for the growth of the sulfide 
layer. 


A detailed metallographic study of these spec- 
mens has revealed that inert markers may be dis- 
placed from the interface without the necessit. 
of a diffusional flow of anions past the marker:. 
In these studies some markers have been foun | 
deeply imbedded in the sulfide layer while others 
remained at their original site, i.e., the surfac 

of the iron specimen. Markers have been show 

to become detached from the interface by (1 

crack formation resulting from the stresses d: 
veloped in the growing scale and (2) an unde 

cutting action due to obstruction of the diffi 

sional flow of iron ions in the growth process. 
These observations indicate the importance cf 
careful metallography and a detailed study cf 
all aspects of the growth process in evaluating 
marker movement data. 


. Because of the stress system developed in the 


sulfide layer, longitudinal cracks frequently 
formed along one side of the specimen, detach- 
ing the sulfide from the iron at this interface. The 
equality of the thickness of the sulfide layer 
formed in cracked and uncracked regions indi- 
cated that this detachment did not alter the rate 
of the reaction. The mechanism for the continued 
growth that was observed has not been investi- 
gated in detail but is believed to involve thermal 
dissociation of the sulfide to provide sulfur vapor 
for further reaction inside the crack. 


. Temperature measurements during the initial re- 
action period have shown that the high initial 
reaction rate and the high heat of formation of 
FeS may temporarily raise the specimen temper- 
ature significantly. Because of the magnitude of 
this temperature rise, experiments above 900 C 
were impractical. 


7, Measurements of the volume of iron converted 


to sulfide as a function of reaction time conform 
to a parabolic growth law. Thus the growth of 
FeS is controlled by the diffusional flow of iron 
and not by interface reactions. 


. Rational rate constants have been determined for 


the growth of FeS at a sulfur vapor pressure of 
100 mm of mercury over the temperature range 
650 to 900 C. 


.An average self-diffusion coefficient for iron in 


the FeS lattice has been calculated. Because of 
the approximations employed, the values of this 
diffusion coefficient are not highly accurate. 
These calculations indicate an activation energy 
of the order of 20,600 cal/mole for the vacancy 
diffusion of iron ions in the sulfide. 


. The effect of sulfur pressure on the rate of the 


reaction is in agreement with the variation pre- 
dicted by Wagner’s theory of scaling. Because of 
design factors in the equipment it was not found 
possible to obtain reliable data at sulfur vapor 
pressures below 25 mm of mercury. 
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alfide — 1!. These results have been compared with the data 


obtained by Hauffe and Rahmel* for the growth 
rates of FeS on iron. The rates observed in the 
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A Laboratory Study of N-Oleoyl Sarcosine 


As a Rust Inhibitor in Some Petroleum Products” 


By ROBERT M. PINES and JOHN D. SPIVACK 


Introduction 
-ACYLAMINO ACIDS previously have been 
shown to have effective rust inhibiting proper- 
ties in mineral lubricating oil solution. Among the 
most effective members of the compounds studied are 
the fatty acyl derivatives of sarcosine, HNCH,COOH. 


CHs 


N-Oleoyl sarcosine (1) is readily 

CH:(CH:);CH = CH(CH:);CONCH:COOH 

CH 
I (N-oleoyl sarcosine) 

adaptable for formulation in petroleum products be- 
cause it is (a) liquid at room temperatures, (b) read- 
ily soluble in hydrocarbons as well as syntheic lu- 
bricants, (c) ashless upon ignition, in addition to its 
performance properties under a variety of rust-in- 
ducing conditions. The physical properties of N- 
oleoyl sarcosine are summarized in Table 1. 

Baker et al* have pointed out the importance of 
selecting specialized test methods simulating service 
conditions for rust inhibitor evaluation, since the 
effectiveness of polar organic compounds is not di- 
rectly deducible from classical adsorption studies. 
Liquid solutions of N-oleoyl sarcosine were sub- 
jected to test methods adopted by government and 
industry for use in evaluating the rust inhibiting 
properties of gasoline, kerosene and other distillate 
fuels, lubricants, hydraulic, circulating, instrument 
and preservative oils. Auxiliary tests also were ap- 
plied to determine the effect the addition of N-oleoyl 
sarcosine might have on other properties of some of 
these products. 


N-Oleoyl Sarcosine in Gasoline 

Hydrocarbon soluble inhibitors have mitigated 
direct and indirect losses due to internal corrosion 
in product pipelines* and marine tankers‘ carrying 
refined petroleum products such as gasoline and 
kerosene. 

Laboratory studies of the rust preventive proper- 
ties of N-oleoyl sarcosine in a straight run gasoline 
containing no additives or dye were run under a 
variety of conditions using standard tests as well as 
special tests devised in this laboratory. 
Dynamic Immersion Test (Method A.S.T.M. D665- 
54° Modified) 

The test was modified to run at 80 F for three 


% Submitted for publication November 5, 1956. This article is based 
on a paper presented at the Atlantic City meeting of American 
Chemical Society, September, 1956. 
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Abstract 

Laboratory studies indicate that N-oleoyl sarcosine 
(I) is an effective oil soluble rust inhibitor in solu- 
tion in gasoline, mineral oil and silicone lubricants. 

Rusting tests used included: Turbine Oil Rusting 
Test (ASTM D665-54), a Static Immersion Test, 
Humidity Cabinet Test (JAN H-792), Static Water 
Drop Test (MIL-L-17353 Bu. Ord.). In addition, a 
number of auxiliary tests were run to indicate the 
effect of (1) on other properties of the test liquid. 

Hydrocarbon solutions of N-oleoyl sarcosine are 
particularly effective in preventing rusting in the 
presence of synthetic sea water and in resisting 
water extraction of the inhibitor. 5.8.2 


hours with synthetic sea water® and was designed 
to evaluate the rust preventive properties of inhib- 
ited gasoline when both the aqueous and hydrocar- 
bon phases are intimately stirred and both in contact 
with the entire immersed portion of the SAE 1020 
steel test cylinder. The same test also was run on 
inhibited gasoline which had been subjected to a 
water extraction with ten percent by volume of dis- 
tilled water. Data are shown in Table 2. 


Static Immersion Test 
This test® which is run under essentially quiescent 


conditions, simulates those found in marine tankers 
during the cargo run and in storage tanks. 
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A 6% x 1x Vp inch SAE 1010 
cold-rolled steel strip cleaned and 
finished with 5/0 sandpaper is par- 
tially immersed in 100 ml of ASTM 
ynthetic sea water and 750 ml of 
sasoline contained in one quart 
jar. The system is thoroughly 
shaken for one minute and then 
set aside in the dark for three 
weeks at room temperature. The 
specimen is then removed, exam- 
ined and rated by the system de- 
scribed in Table 2. Table 3 indi- 
cates the unusual effectiveness of 
N-oleoyl sarcosine in preventing 
corrosion of the steel exposed to 
the aqueous phase. 

The elimination of rusting of test 
specimens immersed in gasoline so- 
lutions of N-oleoyl sarcosine is 
shown in Figure 1. Increase of the 
‘oncentration of N-oleoyl sarcosine 
from 0.005 percent to 0.01 percent 
practically eliminates corrosion of 
hat portion of the test specimens 
exposed to the vapor phase. 





Reverse Cycling Test 

This test was devised to simulate 
‘onditions in a marine tanker through 
one complete cycle in which the bulk- 
heads are filled first with refined 
cargo, then are either ballasted with 
sea water or are maintained empty 
for the return trip. Tests similar in 
principle, if not in detail, have been 
used by others.’ 

Tared, sandblasted specimens of 
SAE 1010 cold-rolled steel, 1 x 3 x 
1/32 inch in size are rusted by im- 
mersion in synthetic sea water for 
four days. They are air dried for one 
day, reimmersed in synthetic sea Blank 
water for one day and finally air 
dried for one day more. This 
produces an adherent relatively 
uniform rust coating. The speci- 
mens are wetted in synthetic sea water and totally 
immersed in the test gasoline for one week at room 
temperature. They are then removed and half the 
number of specimens are totally immersed in syn- 
thetic sea water for one week more. The rest of the 
steel strips are suspended from a rack which is 
rotated slowly over synthetic sea water contained in 
a covered dessicator jar. Finely dispersed air is 
blown through the sea water so that a spray collects 
on the specimens and drips from them as they rotate. 
After one week at room temperature all the speci- 
mens are removed, brushed well and cleaned in in- 
hibited acid. They are reweighed and percent protec- 
tion calculated from the following equation. 


Percent Protection 
100 X Wt. loss uninhibited — Wt. loss inhibited specimen 
Wt. loss of unhibited specimen 
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+ 


Inhibitor S 
(0.01 percent) 


N-oleoyl sarcosine 
(0.005 percent) 


N-oleoyl sarcosine 
(0.01 percent) 


Figure 1—SAE 1010 cold rolled steel strips after immersion in inhibited or uninhibited gasoline. 


TABLE 1—Physical Properties of N-Oleoyl Sarcosine 


Setting Point...... at ou ..| 32 F 
Viscosity at 100 F.. L180SUS (255 CPS) 
Color (ASTM)... of 3 
Residue upon Ignition. ee Ko wed .| None 
Specific Gravity............ : “i eae 0.948 
Molecular Weight zuttee ; . 340-350 
Solubility at Room Temperature 
In Paraffin Oil! ae a Infinite 
In Kerosene.........-.. =r Infinite 
In Stoddard Solvent... . oe P 130 gms/100 gms. 
In Water sues 4 Sein eS Insoluble 
Stability of 1% Solution in Paraffin Oil! 
ee eg errr Clear 


1 Solvent-extracted mineral oil of 182 SUS at 100 F—Regal Oil B—Texas Co. 


The test results (Table 4) emphasize the severity of 
the sea water spray test compared to the sea water 
immersion test, and the superiority of N-oleoyl sar- 
cosine in both systems compared to the commercial 
inhibitor. 


691t 
























































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


eat BS 


bs 


Oe ee ee ett 


Inhibitor L 
(0.025 percent) 


Original N-oleoyl sarcosine 


(0.0125 percent) 


Figure 2—Test pieces after subjection to inhibited or uninhibited turbine oil (Test—ASTM 


D665-54 Procedure B). 


TABLE 2—Results of Modified ASTM D665-54 Test, Inhibitors in 
Gasoline’ 


RATING? 


Concentration Before After 


Inhibitor Weicht Percent Extraction Extraction 


N-oleoyl sarcosine. . . 0.005 1 
0.0025 
0.095 < 5 


Commercial Inhibitor S_. 
None 


! Socony-Mobil Marine, no additives or dye 
2 Rating System 

. Free of rust 

. Trace of rust, few spots 

3. Less than 5 percent of surface rusted 

. 5-50 percent of surface rusted 

. 50-99 percent of surface rusted 

). Surface covered by light rust 

Surface covered by heavy rust 


TABLE 3—Results of Static Immersion Test, Inhibitors in Gasoline’ 


RATING? OF SAE 1010 
STEEL IMMERSED IN 
Concentration 


Inhibitor Wt. Percent Sea Water Gasoline Vapor 


N-oleoyl sarcosine. . 0.01 1 1 
0.005 1 4 
0.0025 7 4 
0.001 f 6 5 
Commericial Inhibitor S 0.01 } ] 
None ; 6 6 


! Socony-Mobil Marine, no additives or dye. 
2 See Table 2 for rating system. 


TABLE 4—Reverse Cycling Test, Inhibitors in Gasoline’ 


PERCENT PROTECTION 


Concentration Specimensin Specimens in 

Inhibitor Weight Percent Sea Water Spray 
N-oleoyl sarcosine 0.0025 
0.0200 
Commercial Inhibitor S. . 0.0025 
0.0200 


1 Socony- Mobil Marine, no additives or dye. 
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The dynamic, static and cycling 
corrosion tests all demonstrate the 
rust preventive properties of gaso- 
line solutions of N-oleoyl sarco- 
sine under a variety of corrosive 
conditions. Additional tests were 
run to determine the effect of the 
inhibitor on some other properties 
of engine fuels. 


Solubility of Lead Salt of N-Oleoy 

Sarcosine 

The lead salt of N-oleoyl sar 
cosine was prepared by double 
decomposition of the sodium sali 
and lead acetate and was found 
to be soluble at room temperature 
in gasoline in the concentration 
range tested (up to 0.5 percent). 


Water Tolerance of Aircraft Fuels 
(ASTM D1094-53) 


This method’ provides a proce- 


Inhibitor P 
(0.025 percent) 


dure for determining the solubility 
of water in aviation gas and jet 
turbine fuels and involves shaking 
a sample of fuel with water at room temperatures 
and measuring the volume change of the aqueous 
layer. N-oleoyl sarcosine apparently has no adverse 


effect on the solubility of water in gasoline and 
affects the emulsion properties only slightly in the 


concentrations tested (up to 0.01 percent). 


Oxidation Stability of Gasoline (ASTM D525-55). 

Rust inhibitors have frequently acted as pro-oxi- 
dants in the catalyzed oxidation of hydrocarbon liq- 
uids. To study the effect of N-oleoyl sarcosine, the 
inhibitor was dissolved in a less stable gasoline con- 
taining rust inhibitor, antioxidant, tetraethyllead and 
dye. The data indicate that N-oleoyl sarcosine had 
a marked stabilizing effect on the test gasoline 
(0.0025 percent increased oxygen stability from 6 to 
7’, hours while 0.005 percent increased stability to 
nine hours.) 


Copper Corrosion by Petroleum Products (ASTM 
1130-55T ) 
N-Oleoyl sarcosine in gasoline at a concentration 
of 0.005 percent did not corrode or tarnish copper 
in the ASTM test. 


Lubricants, Hydraulic, Circulating, Instrument and 
Preservative Oils 


Oil-soluble rust inhibitors combining rust preven- 
tion properties, chemical and thermal stability, and 
water demulsibility are required for the lubrication 
and protection of closely engineered mechanisms 
found in steam and gas turbines, engines, servo- 
mechanisms, instruments, etc. The test methods em- 
ployed for evaluating the rust preventive efficiency 
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of N-oleoyl sarcosine in petroleum and synthetic 
iquids designed for such systems were the following: 
1.Static Water Drop Test (MIL-L-17353 
{Bu. Ord.]) 
2. Turbine Oil Rusting Test (ASTM )D665-54, 
Proc. B) 


3. Humidity Cabinet Test (JAN H-792). 


The Static Water Drop Test has been noted® as 
being more severe than the ASTM Turbine Oil Rust- 
ing Test but less drastic in causing rusting than 
either the JAN-H-792 Humidity Cabinet Test® or 
the Naval Research Laboratory Fog Cabinet Test.’ 
Static Water Drop Test (MIL-L-17353 | Bu. Ord.]). 

The mineral oil used in this and the following 
tests, unless otherwise noted, is a non-additive sol- 
vent-extracted turbine grade lubricating oil of 180 
SUS at 100 F sold by the Texas Co. as Regal Oil B. 
N-Oleoyl sarcosine is miscible with this oil in all 
proportions at room temperature. Similarly, one per- 
cent oil solutions of N-oleoyl sarcosine kept at 12 F 
(—7 C) have remained stable and clear for a period 
f more than eight months. 

The Static Water Drop Test involves observing 
rust formation at 140 F in a 1.75 inches triangular 
cold-rolled steel specimen immersed in oil, when a 
0.2 milliliter drop of distilled water is inserted in the 
centrally located dimple of the test-piece. 

Inhibitor efficiency in this test was determined in 
two ways depending on the nature of the aqueous 
phase: 

(a) When distilled water was used, a series of 
varying concentration runs (0.001 to 0.20 
percent) were made and the minimum effec- 
tive concentration estimated, and 

(b) When synthetic sea water was used, the addi- 
tive was tested at 0.05 percent and the time to 
rust noted. 

The results indicate that N-oleoyl sarcosine 
is among the most effective additives tested 


TABLE 5—Static Water Drop Test—-140 F 


Distilled Water | Synthetic Sea Water 

Min. Erect! (Inhibitor Conc.-0.05 
Conc. Percent 

(Wt. Percent) | Time to Rust (Hrs.) 


Inhibitor Base Oil 


Mineral? 0.005 20 
Mineral? 0.005 1 


N-oleoyl sarcosine 
Alkenyl succinic4 acid. 
Mixed mono- and di- 
dodecylphosphates?. . 
N-oleoy!] sarcosine 


Mineral? 0.025 1 
Silicone’ 0.01255 
0.0125 


! Estimated from rusting tests at varying concentrations. 

2 Sol vent-extracted turbine grade oil, Regal Oil B., Texas Co. 
3 Versilube F50, General Electric Co. 

4 Commercial samples. 

5 After heating for 8 hours at 450 F (232 C). 


TABLE 6—Turbine Oil Rusting Test (ASTM D665-54) Procedure B 
Synthetic Sea Water—140 F, Mineral Oil’ 


Concentration 


Inhibitor Weight Percent 


N-oleoyl sarcosine 0.0125 Completely free of rust or staining 
0.025 Completely free of rust or staining 

Commercial inhibitor. 0.025 Light rusting 

Commercial inhibitor. 0.025 Moderate rusting 


Observations 


1 Solvent extracted turbine grade oil, Regal Oil B., Texas Co. 
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by this method and is particularly effective 
when synthetic sea-water is used as the 
corrosive agent (Table 5). N-Oleoyl sarcosine 
is also very effective in solution in silicone oil. 
The rust preventive action of a silicone solu- 
tion of N-oleoyl sarcosine was not adversely 
affected by heating to 450 F for eight hours 
prior to testing. 


Turbine Oil Rust Test (ASTM D665-54, Procedure B) 

This method involves stirring a mixture of 300 ml 
of oil under test with 30 ml of synthetic sea water 
at a temperature of 140 F with a cylindrical steel 
specimen completely immersed therein. Results 
(Table 6) indicate the greater protection against 
rusting under dynamic flow conditions provided by 
N-oleoyl sarcosine compared to two other commer- 
cially available inhibitors tested. 

The elimination of rusting in this test by lubricat- 
ing oil solutions of N-oleoyl sarcosine compared to 
the rusting permitted by commercial inhibitors L 
and P is shown in Figure 2. 

Humidity Cabinet Test (JAN-H-792) 

Following the system of panel preparation de- 
scribed in MIL-L-3150 Lubricating Oil Preservative, 
Medium, mineral oil solutions of N-oleoyl sarcosine 
afforded substantial protection. The test data (Table 
7) indicate that N-oleoyl sarcosine is more effective 
than a typical commercial petroleum sulfonate at 
concentrations above one percent. 

In several instances the properties of N-oleoyl sar- 
cosine have been improved by its use in conjunction 
with organic amines. For example, when combined 
in equal weight concentration with a substituted 2 
heptadecenyl imidazoline (Amine O)—Geigy Chemi- 
cal Corporation) incorporated into Regal Oil B, and 
tested in the JAN H-792 Humidity Cabinet, the pro- 
tection afforded is increased some four-fold. 

Mineral oil solutions of N-oleoyl sarcosine were 
also tested to determine the effect of these materials 
on the emulsification and oxidation properties of oil 
solutions. This is particularly important in petroleum 
products where the formation of a stable water emul- 
sion and too great a reduction of the efficacy of the 
antioxidants is undesirable. The oxidation test used 
is a modification developed by the Aluminum Com- 


TABLE 7—Mineral Oil Solutions of N-Oleoyl Sarcosine in the 
Humidity Cabinet Test (JAN H-792) 


Conc. (Active 
Basis) Weight Time to Failure 
Inhibitor Percent (Hours) 
N-oleoy! sarcosine .29 80 
130 
144 
175 
472 
590 
400 
590 
Amine O eas ; by 72 
N-oleoy! sarcosine 1 part - f 960 
plus Amine O 1 part , 
Sodium petroleum sulfonate! 300 
200 
300 
200 
140 
None ‘ as <20 


1 Commercial oil soluble petroleum sulfonate, average molecular weight 
490, 
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pany of America!’ of the method described by Davis, 
et al’! involving the measurement of the adsorp- 
tion of oxygen by 13 milliliters of test oil at 115 C, 
in the presence of copper catalyst wire. The test re- 
sults indicate that N-oleoyl sarcosine does not un- 
duly affect the emulsification characteristics of the 
base oil, but does reduce the effect of the antioxidant, 
2,6 ditertiary butyl paracresol, by reducing oxygen 
stability from 105 hours to 60 hours. The untreated 
mineral oil had an oxygen stability of 12 hours. 


Other Rust-Inhibiting Applications for N-Oleoyl Sar- 

cosine 

Baroid Sales, Division of National Lead Co., has 
conducted a series of tests which demonstrate the 
effectiveness of N-oleoyl sarcosine as a corrosion in- 
hibitor for bentonite greases.'* Preliminary testing 
at the Research Laboratories of Geigy Chemical Cor- 
poration has shown the corrosion inhibiting effec- 
tiveness of N-oleoyl sarcosine in cutting oil formula- 
tions. 


Conclusions 
N-oleoyl sarcosine has been subjected to a variety 
of rusting tests designed to indicate its suitability for 


use as an oil-soluble rust preventive in gasoline and 
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other distillate fuels, lubricating, circulating, hy 
draulic instrument, preservative oils and bentonite 
greases. N-Oleoyl sarcosine provides effective rusi 
inhibition under static and dynamic type immersior 
tests as well as in the presence of humid corrosiv« 
atmospheres. 
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Report Shows Progress Made on Zero 
Resistance Ammeter for Electrolysis Tests 


“A Zero Resistance Ammeter for Use 
n Electrolysis Testing Work” is the 
itle of a report recently submitted to 
(Init Committee T-4B on Corrosion of 
“able Sheaths by Task Group T-4B-3B 
mn Tests and Surveys. The report was 
yrepared by Work Group T-4B-3B, 
D. R. Werner, American Tel. & Tel. 
company, Kansas City, Missouri, chair- 
nan, 

The report was first submitted to 
[-4B at the Twelfth Annual Conference 
n New York in March 1956 in the form 
a memorandum which covered the 
ombined contribution of a number of 

ifferent organizations interested in the 
evelopment of a zero resistance am- 
ieter for the measurement of current 
low from lead sheath cables in man- 
oles. 

In the original presentation the work 
roup indicated the method appeared to 
ive inaccuracy of measurement within 
ibout five to ten milliamperes. Thermal 
lectric potentials developed in the gal- 
vanometer circuit appeared to be the 
prime source of error. These were espe- 
cially troublesome for the measurement 
of currents of less than about 50 milli- 
amperes when only 18 inches of cable 
sheaths about 2% inches in diameter 
was available. 

Cases where the heat of the operator’s 
fingers on the galvanometer push but- 
ton caused thermal electric potentials 
to be set up at the push button con- 
tacted were reported to the group. This 
could be over-come by providing ther- 
mal insulation. 

Heat generated within the set by the 


FORMAL PAINTING 
PROGRAMS QUESTIONNAIRE 


A painting program questionnaire 
has been distributed to engineers 
in several hundred plants covering 
the United States by the Painting 
Program Task Group of Unit 
Committee T-6D on Industrial 
Maintenance Painting. The ques- 
tionnaire is designed to develop 
information on the extent to which 
formal painting programs are used 
in the process industry. 

The task group hopes to give a 
report on replies to the question- 
naire at the T-6D meeting in 
Oklahoma City on October 2. 


current controlling resistors or sun shin- 
ing on the set might cause even greater 
changes. Thermal insulation placed 
around the galvanometer thermal poten- 
tials has been used to minimize the 
generation of currents in the galvanom- 
eter circuit. 

Since the report was presented at 
New York, a working model has been 
built and given a field trial. The field 
trial indicated a change should be made 
in the circuit arrangement for testing 
the resistance of the galvanometer test 
leads to make it more convenient to 
calibrate the instrument. These changes 
are incorporated in the report recently 
circulated to the committee for letter 
ballot. 


Pipe-Type Cable Protection 
Questionnaire Circulated 


A questionnaire on protection of pipe- 
type cables has been distributed by Task 
Group T-4B-4, The results of a previous 
survey of corrosion protective practices 
on pipe type cables was published in 
Corrosion, Vol. 10, No. 9, 299-313 (Sep- 
tember). The current questionnaire is 
designed to bring up to date information 
on coatings, cathodic protection and 
grounding. 

Questions on coatings include type of 
coating used, reinforcing and shielding 
thickness, deterioration and minimum 
acceptable coating resistance in initial 
test of buried pipe. 

Questions on grounding are designed 
to establish how the pipe is grounded 
at the source end, if it is connected in 
route, grounded at remote source end 
and if any sections of pipe are operated 
with insulating joints in pipe. 

Questions on cathodic protection will 
establish type of cathodic protection 
used and the value of pipe potentials in 
soil. 

Results of the questionnaire will be 
presented to Unit Committee T-4B and 
ultimately submitted for publication in 
CORROSION. 


Burton to Head T-5A 


Walter H. Burton, General Chemical 
Division, Allied Chemical & Dye Corp., 
Camden, New Jersey, has been elected 
vice-chairman of Unit Committee T-5A, 
Chemical Manufacturing Industry. 

Mr. Burton has long been active in 
T-5A-5 on Nitric Acid, and T-5A-6 on 
Hydrofluoric Acid. He is a member of 
ASTM C-3 on chemical resistant mor- 
tars and a member of the High Alloy 
Steel Committee of the Welding Re- 
search Council. 


Technical Articles Scheduled for November Publication 


Some Experience With Sodium Sili- 
cate as a Corrosion Inhibitor in 
Industrial Cooling Waters by J. S. 
Beecher, J. W. Wood and P. S. 
Laurence 


Fundamentals of Electrode Processes 
in Corrosion by Milton Stern 


Corrosion and Adsorption Studies Us- 
ing Sulfonate Inhibitors by A. H. 
Roebuck 


Factors Other Than Mineral Content 
Which Influence the Corrosiveness 
of Cooling Water by E. H. Hurst 


Some Concepts of Experimental De- 
sign by John D. Hromi 


Inhibiting a Cooling Water Tower 
System by F. L. Whitney, Jr. 


Non-Chemical Factors Affecting In- 
hibitor Selection and Performance 
in Air Conditioning Cooling Waters 
by Sidney Sussman 


An Evaluation of Inhibitors for Cor-: 


rosion Prevention in an Engine 
Cooling System by Leonard C. Rowe 


Current Requirements for Cathodic 
Protection of Oil Well Casing by 
E. W. Haycock 


A Thermochemical Study of Some 
Additives to Reduce Residual Fuel 
Ash Corrosion by W. E. Young and 
A. E. Hershey 
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Corrosion Research in Progress by G. 
A. Marsh and E, Schaschl 


TECHNICAL TOPICS SECTION 


Controlling Corrosion of Textile Mill 
Air Conditioning Equipment by J. 
Stanley Livingstone 


Chemical Surface Preparation of 
Structural Steel After Erection by 
Christopher D. Coppard, John H. 
Lawrence and Henry W. Adams 


Epoxy Coatings Perform Well on Steel 
Exposed to Chemicals, Corrosive At- 
mospheres by William M. Brackett 





truck terminals, and over 1000 parked 
cars. Yet — using two DeVilbiss MBC Sprav 
Guns — five of Stanley Hanks’ painters 
climbed this 550-ft. radio tower, painted 
it in alternating 40-ft. strips of white and 
orange . .. without a single damage claim 
from spray mist! 

“We've used DeVilbiss spray equipment 
for vears, and have proved that proper 
tec hnique and today’s improved materials 
make outdoor pi ainting highly practical and 
safe,” savs Mr. Hanks —owner of the 
Stanley Hanks Painting Co., Pinelawn, Mo., 
and president of the Stanley Hanks Paint- 
ing Corp., Kansas City, Mo. 

“In spraying several structures this past 
year, including towers, bridges, and_ in- 
dustrial plants, there was not a_ single 
damage claim due to spray mist. And we 
never cleared the area below our work! 
The new paint we use (which can be 
applied only by spray) dries well within 
30-ft. of the gun tip —a safe factor even 
in a moderate wind. 


CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Without clearing area below, a Hanks’ painter sprays 550’ radio tower. 


In painting towers or tanks, refineries or plants—noted contractor 


reduces costs with DeVilbiss equipment, states... 


Stanley Hanks 


“Spray mist no longer a problem’’ 


In the immediate area are offices, stores, 


“There are many jobs, indoors as well 
as out, that can be handled only by spray, 
and others where if given the choice we 
prefer the gun over “other methods. For 
DeVilbiss spray reduces painting costs; 
provides smoother, better-covering finishes. 
And because it’s much faster, DeVilbiss 
spray lets you do a complete job on a 
weekend or at night, so as not to interrupt 
a company’s soul schedule.” 


How about you? Whether your painting 
assignments are indoors or out, whether 
surfaces are rough, smooth, flat or irregular 
— you'll apply better finishes, in less time, 
at lower cost, with DeVilbiss spray. Write 
for Catalog M-50. Or call your DeVilbiss 
supplier. The DeVilbiss Company, Toledo 
1, Ohio. Offices in principal cities. 


FOR BETTER SERVICE, BUY 


DeVILBISS 
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30 Papers Scheduled for Western Region Meeting 


Seven Technical Papers, Two Round Tables, 
Two Plant Tours Scheduled at Birmingham 


Seven technical papers, two round 
table discussion sessions and two plant 
tours are scheduled events of the Octo- 
ber 10-11 Southeast Region meeting at 
3irmingham, Ala. W. H. Stewart, Sun 
Pipe Line Co., Beaumont, Texas, NACE 
president will give the opening address. 
Registration fee is $5. 

The program is: 


Thursday, October 10 


Liquid Metals Corrosion, Richard Ellis, 
Southern Research Institute. 

Underground Corrosion and Its Mitiga- 
tion by Use of Coal Tar Coatings, 
Frank J. Kiernan, Barrett Division, 
Allied Chemical & Dye Corp., New 
York. 

PVC Pipe, Valves and Fittings, S. A. 
Lewis, Walworth Corp. 

Teflon Resins, E. I. duPont de Nemours 
& Co., Inc. 

Round Table Discussion. 


Friday, October 11 


Sources of Underground Corrosion Po- 
tentals, K. G. Compton, Bell Tele- 
phone Laboratories. 

Cathodic Protection Systems, Applica- 
tion and Limitations, Wayne Johnson, 
Corrosion Rectifying Co. 

Interesting Corrosion Problems I Have 
Worked On, Robert J. Kuhn, engi- 
neering consultant. 

Round Table Discussion. 

Tours will be offered between 1:30 
to Fairfield 
Plant, Tennessee Coal, Iron and Rail- 
road Co, or Southern Research Institute. 

Other events on the program include 
showing of a motion picture on corro- 
sion; a business meeting of Southeast 
Region during the afternoon and the 
Fellowship Hour and banquet on the 
evening of October 10. 


SECTION 
CALENDAR 


Shreveport Section. Washington- 
Youree Hotel. 
Tidewater Section. 

29 Philadelphia Section. Poor Richard 
Club. Panel discussion: Materials of 
Construction. 

29 Southwestern Ohio Section, Day- 
ton, Ohio. 


Nov. 


5 Shreveport Section. Washington- 
Youree Hotel. 

19 Chicago Section. Field Evaluation 
of Pipeline Coatings, M. E. Parker, 
Consulting Engineer, Houston. 

26 Southwestern Ohio Section. Chem- 
ical Corrosion, sponsored by 
National Distilleries. At Cincinnati. 


Puget Sound Section Is 
Organized at Seattle 


Puget Sound Section, organized among 
about 50 NACE members in the vicinity 
of Seattle, Washington, is the 55th local 
section in NACE. Mark W. Battersby, 
Kirk Engineering Co., Seattle, has been 
named first chairman. Other officers are 
Robert T. Mercer, R. T. Mercer, Inc., 
Seattle, vice-chairman and Frank Nisbet, 
Shell Oil Co., Anacortes, Wash., sec- 
retary-treasurer,. 

Fifth meeting of the group was held 
September 5 at Seattle. 


Combined Technical Conference, Short Course 
Opens November 12 at Key Biscayne, Florida 


A combined technical conference and 
corrosion control short course under 
auspices of Miami, Fla. Section NACE 
will be held November 12-16 at Key 
3iscayne Hotel, Key Biscayne, Fla. 
Registrations will be taken all day 
November 12. The program includes dis- 
cussions of fundamentals, carbon, mag- 
nesium and aluminum anodes, rectifiers, 
coatings, aluminum pipelines, and non- 
metallic piping. 

A social hour, banquet and dance are 
scheduled Friday, November 15. 

A tentative program follows: 


Wednesday, November 13 


Introduction—Corrosion Short Course, 
J. B. Prime, Jr., Florida Power & 
Light Co. 


Fundamentals of Corrosion, Sam Pea- 
body, Ebasco Services Inc., New 
York. 

Fundamentals of Corrosion, T. P. May, 
The International Nickel Co., Inc. 
Fundamentals of Corrosion, Raymond 

F, Hadley, Sun Pipe Line Co. 


Thursday, November 14 


Fundamentals of Corrosion, K. G. Comp- 
ton, Bell Telephone Laboratories. 

Rectifiers and Associated Engineering, 
Wayne Broyles, Brance-Krachy Co., 
Inc. 

Carbon Anodes, by a representative of 
National Carbon Co., Union Carbide 
Corp. 


(Cortinued on Page 100) 
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San Diego Program 
Also Includes Two 
Round Table Sessions 


Thirty technical papers, two panel 
discussions on pipe materials and a 
well-rounded entertainment program 
have been scheduled for the October 
23-25 Western Region Seventh Annual 
Conference. It will be held at the U. S. 
Grant Hotel, San Diego. 

Registration will begin Wednesday 
morning. Opening ceremonies include 
addresses by Charles G. Dail, San Diego 
mayor; Linn E. Magoffin, Western 
Region chairman and W. H. Stewart, 
NACE president. Registration fee is 
$12, including the Thursday evening 
banquet. Advance registrations will be 
received by Kenneth R. Christy, P. O. 
30x 695, LaMesa, Cal., registration 
chairman. Hotel reservations should be 
made directly with the hotel. 

The program has been divided into 
three categories. General interest sub- 
jects—all to be presented Wednesday 
afternoon. Utilities Sessions—Thursday 
and Friday morning and afternoon con- 
currently with an alternate program. 


A general summary of the informa- 
tion to be presented follows: 


GENERAL INTEREST SUBJECTS 


Wednesday Afternoon 

Role of corrosion engineer in indus- 
try, fundamentals, economics and the 
seabottom as an environment for metal 
corrosion, 


UTILITIES SESSIONS 


Thursday Morning 


Panels on service pipe and main pipe 
materials. 


Thursday Afternoon 

Chemical corrosion in water systems, 
bacteriological corrosion, cathodic pro- 
tection design and practice, San Diego 
sewerage system corrosion problems. 


Friday Morning 

New developments in bacteriological 
corrosion, corrosion in connection with 
Colorado River water, a review of new 
attitudes toward electrical grounding 
design, cathodic protection and oxygen 
inhibition—concrete bridge reinforcing. 


Friday Afternoon 

Coatings use by Arizona Public Serv- 
ice Company, painting the tuna fleet, 
cement coatings and linings, corrosion 
prevention in water meters. 


ALTERNATE SESSIONS 


Thursday Morning 


Radioisotopes in corrosion control, 
inhibitors for the control of fresh water 
corrosion, resume of intergranular cor- 


(Continued on Page 100) 
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K. G. Compton Will Talk 
At New York November 6 


Atmospheric Corrosion: Contributing 
Factors, Experience and Testing Tech- 
niques is the subject of a presentation 
by K. G. Compton, Bell Telephone Lab- 
oratories, Murray Hill, N.J. scheduled 
for the November 6 meeting of New 
York Metropolitan Section. 

A four-meeting program issued by the 
section was as follows: 

September 11—Common Conventional 
Coatings for Corrosion prevention of 
Underground Metal Structures—A Sym- 
posium, Frank J. Kiernan, Barrett Divi- 
sion, Allied Chemical & Dye Corp., 
New York. 

October 


2—API 


Corrosion 


Tanker 


Te ee as 
offer all 


Na aA OU Ee 
ANALYZED 

Assures highest degree 
of operating efficiency. 


WAU ea 
Exclusive 

als) eee NG 
means longer 
anode life. 


P. O. BOX 1424C 
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Research Project—History, Progress 
and Future Plans, Donald McLean, 
Assistant Project Coordinator, Ameri- 
can Petroleum Institute. 


Dec. 11—Special Christmas Meeting: 
NACE Corporate Memberships, W. H. 
Stewart, Sun Pipeline Co. Beaumont, 
Texas. 

All meetings are at Chi Am Chateau, 
Route 22, Westfield, N. J. 


Lehigh Valley Section 
Elects E. A. Anderson 


Officers for the Lehigh Valley Section 
for 1957-58 are as follows: Edmund A. 
Anderson, New Jersey Zinc Company, 
chairman; Kenneth R. Cann, Ingersoll- 


LBS aL Cath 
Perfectly bonded 
— gives more 
useful current 
per anode. 


lation — pipelines or well 
casing, marine or subsur- 
face — VIBRA PAK is your 
best anode buy! 


e TULSA, OKLAHOMA 


V ol. 13 


Rand Company, Phillipsburg, New Jer- 
sey, vice-chairman; and William H. Rut 
ter, Electro Chemical Eng. & Mfg. Co. 
Emmaus, Pa., secretary-treasurer. 


Kretschmer Is Named 


To NACE Board 


W. Jj. Kretschmer, Columbia Gas 
System Service Corp., Columbus, Ohi» 
has been named to serve the unexpire’l 
term of Hugh Ham- 
ilton on the National 
Association of Cor- 
rosion Engineer’s 
board of directors. 
Mr. Hamilton, who 
represented active 
membership, had 
been scheduled to 
serve into 1959, 

Mr. Kretschmer, 
senior corrosion en- 
gineer for his com- 
pany, has had more 
than 16 years experi- 
ence in corrosion control work on pipe- 
lines, cable and other utility property. 
A registered Ohio professional engineer, 
he attended the electrical engineering 
department of Ohio State University. 
An early member of NACE, Mr. Kret- 
schmer is active on technical commit- 
tees, is a member of the American Gas 
Association’s corrosion committee and 
is past chairman of the AGA subcom- 
mittee on underground corrosion. 


Kretschmer 


Combined Technical— 
(Continued From Page 99) 


Aluminum Anodes, J. B. West, 
num Company of America. 


Magnesium Anodes, George 
Standard Magnesium Co. 


Alumi- 


Donahue, 


Friday, November 15 
Coatings, J. W. Pedlow, Quelcor, Inc. 
Comparison of Various Types of Organic 

Coatings, Fred C. Weber, Phelan- 

Faust Co. 
Epoxy Coatings, 

Amercoat Corp. 


Aluminum Pipelines, Underground, 
Above Ground and Under Water, E. 
T. Wanderer, Aluminum Company of 
America, Inc. 


30 Papers Scheduled— 


(Continued From Page 99) 


by a representative of 


rosion, cathodic protection of oil wells. 


Thursday Afternoon 

Cathodic protection of naval vessels, 
corrosion in offshore drilling rigs, de- 
terioration by marine boring organisms. 


Friday Morning 
High temperature 

treatment, corrosion 

aluminum. 


oxidation, surface 
characteristics of 


Friday Afternoon 

Corrosion in chemical plants, corro- 
sion in a laundry, military ordnance 
plant corrosion, corrosion of ship yard 
equipment. 
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Steelcote Epo-Lux Zinc Rich Zinc 
Dust Primer Licks Industry’s 
Tough Corrosion Problems 


Makes Possible Cathodic Protection, Plus 
Strongest, Longest-lasting Resistance to 


in addition to EPO-LUX 100 and ZINC 
RICH ZINC DUST PRIMER, Steelcote re- 
search has produced epoxy products that 
create new standards of performance in the 
fields of floor, grout, and wall repair and 








, resurfacing, tank linings, boat bottom con- : . 
pipe- struction and repairs of cracks in metal. Acids, Alkalis, Salts and Solvents 
ineer, 4 wn 
sity. Steelcote EPO-LUX ZINC RICH ZINC DUST PRIMER deposits over 90% pure zinc metal i 
cies to the surface. This amount gives the maximum cathodic action possible from cold 
; pe 2 “‘on site” application. Epoxy adhesion and 
com- ae i £2 flexibility assures satisfactory performance 
5 ae of an overcoat of EPO-LUX 100. This most 
resistant of all type air dry organic coat- 
' ings to alkalis, acids, solvents and salts 
Seis assures the zinc will continue to give 
cathodic protection for the maximum 
jahue, VIEW OF BUILDINGS HOUSING 


number of years. In the most extreme 
conditions Steelcote epoxies are some- 
times needed in combination with other 
pigments as an in-between coat for 
cee SN greastest possible density and impervious- 
Peitiemeeet ness. We invite you to undertake an 


STEELCOTE RESEARCH LABORATORY 


Inc. 


eanic | President of Steelcote 
Invites Corrosion Engineers 








ive of eet tebe 

ound, to Avail Themselves ne maeeeieteeees immediate test application. 
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TYPICAL CHARACTERISTICS OF EPO-LUX 100 


HARDNESS 75% hardness of glass with high gloss 
FLEXIBILITY Excellent dimensional stability 


Excellent on metal, wood, concrete, paper, certain 
rubbers and plastics 
FILM THICKNESS 2 to 3 mils per coat when brushed, sprayed or rolled 


STEELCOTE EPO-LUX ZINC RICH ZINC DUST PRIMER 


[son |e at oer beef ce esr aon 


Engineering Service 






Steelcote manufactures 
wells. more than 100 pro- 

ducts. For consultation § 
ssels, on the use of these 
, de- products or to solve 
Pen special problems, we 
offer you the services 
of our Engineering De- 
partment. Just drop a 
line describing your problem to Steelcote 
sacialal Manufacturing Co., 3418 Gratiot, St. Louis 
nance 3, Mo., U.S.A. In Canada: Steelcote Mfg. 
yard ff (Co., Ltd., Rodney, Ontario. Jobbers in 

principal cities. © Write Dept. 6. 
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NACE aims to use CORROSION as 
a medium for coordinating corrosion 
control work the world over. 


POSITIONS WANTED 
and 
AVAILABLE 


®@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 


Positions Wanted 


Corrosion Engineer—Five years’ experi- 
ence in design and follow-up of cathodic 
protection installations. Prefer pipe line 
company in South or Southwest. Reply 
CORROSION, Box 57-18. 


Positions Available 





PAINTING ENGINEER—Opening in Re- 
search and Development Department of 
Multiplant Company for man skilled in 
maintenance painting operations. Re- 
quire knowledge of corrosion theory, 
application experience and general 
background of paint formulation. Work 
will include supervision of control pro- 
gram, field inspection and evaluation, 
technical and economic study of present 
and alternate methods. Travel. Salary 
open. Send resume to J. R. Spraul, Gen- 
eral American Transportation Corpora- 
tion, Research and Testing Laboratory, 
150 West 15Ist Street, East Chicago, 
Indiana. 





MAGNOLIA 
Petroleum Company 


Openings are available for graduate 
engineers with field experience in cor- 
rosion and chemical treatment problems 
relating to producing operations. Appli- 
cants must be qualified to initiate and 
expand existing engineering programs in 
corrosion control, water treatment, oil 
treatment, and related fields. 


Salary commensurate with ability 
and experience. Age limit 40. 


Apply to: 
D. V. Carter, Chief Petroleum Engineer 


Magnolia Petroleum Company 
P. O. Box 900, Dallas 21, Texas 


Business Opportunities 


MANUFACTURERS’ REPRESENTATIVE 


with proved sales performance seek- 
ing additional line for Michigan. 


CORROSION, Box 57-17 


First Corrosion Research 
In Progress Article Ready 


First of a series of articles under the 
heading “Corrosion Research in Prog- 
ress” is scheduled for publication in 
November CORROSION’s Technical 
Section. 

Preparation and publication of these 
articles is a function of the National 
Association of Corrosion Engineers’ 
Committee on Research, of which Aaron 
Wachter, Shell Development Co., Em- 
eryville, Cal. is chairman. Julius J. Har- 
wood, Head, Metallurgy Group, Office 
of Naval Research, Washington, is spe- 
cifically in charge of the preparation and 
publication of the articles. 

The series is intended to stimulate 
widespread exchange of information 


Vol. 13 


about corrosion research underway. Ar- 
ticles are designed to occupy about one 
page in CORROSION (about 1000 words) 
and will discuss objectives, methods <f 
attack, preliminary results and other in- 
teresting information about research in 
progress. Mr. Harwood is interested ia 
receiving contributions for the series an | 
will supply more information on reques . 


American Motors Plans 
To Dip Its Auto Bodies 


Steel magazine reports in its Augu:t 
28 issue that American Motors Con - 
pany will dip its 1958 bodies into a 
tank containing red iron oxide fortified 
with zinc chromate. This is expected to 
coat areas inaccessible to spray paintinz 
with a corrosion resistant material. 


SILICO’ 


ELECTRODE 


A new and better way to find 
Holidays in Dielectric Coating 


This new Conductive Silicone Electrode, used in testing 
coated surfaces, overcomes the problems encountered 
with wire brush electrodes. It will not “wet” in hot coat- 
ing material and remains clean at all times. The tough, 
rubber-like consistency of the silicone makes it wear 
indefinitely. It will retain its shape and conductivity in 
temperatures from —20°F to +450°F. Flexible to con- 
form to surface irregularities, this electrode is recom- 
mended for use with all types of holiday detectors 
using high voltage electrical energy. Electrodes are avail- 
able in widths of 2-in., 4-in., 8 in., 12-in., and 16 in. 
Wand handles of phenolic plastic are available in 18-in. 
and 36-in. lengths. 


DISTRIBUTORS: Remco Mfg. Co., Inc., P.O. Box 3005, Tulsa, Okla.; 
Crutcher-Rolfs-Cummings, Inc., P.O. Box 2073, Houston, Texas; Bob 
Herrick, P.O. Box 224, New Cumberland, Pa.; Falcon Line Products, Corp., 
715 Elizabeth Ave., Elizabeth, N. J.; Canadian Equipment Sales & Service 
Ltd., P.O. Box 4098, Edmonton, Alta. EXPORT DISTRIBUTOR: Frazar & 
Hansen, Ltd., 301 Clay St., San Francisco 11, Calif. 


KTINKRER & RASONR 
417 Agostino Rd. (P.O. Box 281) SAN GABRIEL, CALIF. + ATlantic 7-7942 
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October, 1957 


NATIONAL and REGIONAL 
MEETINGS and 


SHORT COURSES 


‘ct. 10-11—Southeast Region Meeting. 
Dinkler-Tutwiler Hotel, Birmingham, 
Ala, 
ct. 23-25—Western Region, Seventh 
Annual Conference, U. S. Grant 
Hotel, San Diego, Cal. 
ict. 23-25—7th Biennial Permian Basin 
Corrosion Tour. Midland-Odessa 
area, Texas. 

Yov. 12-14—Northeast Region Fall 
meeting, Pittsburgh, Pa., Penn-Shera- 
ton Hotel. 


958 

far. 17-21I—NACE Annual Conference, 
Civic Auditorium, San Francisco, 
California, 

(ct. 5-8—Northeast Region, Somerset 
Hotel, Boston, Mass. 

ct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 

(ct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 


1959 

NACE Annual Conference, Sherman 
Hotel, Chicago, Illinois. 

(ct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


SHORT COURSES 1958 

October 22-23—Western Region. Corro- 
sion Control Course (Evening Ses- 
sions), Hotel U. S. Grant, San Diego, 
Cai: 

November 12-15—Miami Section Short 
Course, Key Biscayne, Fla. 

Jecember 9-13—Biennial Short Course 
on Cathodic Protection. University of 


Illinois and NACE. 


Stress Corrosion Is Lehigh 
Valley Topic November 18 


A panel will discuss stress corrosion 
it the November 18 meeting of Lehigh 
Valley Section at the second of the sec- 
tion’s current series of meetings. A dis- 
cussion of the Wallenpaupack Penstock 
by Mr. Van Vliet of Pennsylvania 
Power and Light Co. was the scheduled 
topic for the September 15 meeting. 

Other meetings have been set as fol- 
lows, all at Village Inn, Allentown, Pa. 
except as indicated otherwise: 

January 20—Beryllium. 

March 17—Corrosion of Iron and 

Steel. 
May—Field trip, Glidden Company, 
Reading, Pa. 


Steinert on Program 


W. W. Steinert, A. V. Smith Engi- 
1eering Co., Narberth, Pa. will be the 
echnical speaker at an October 2 meet- 
ng of Southern New England Section 
it Hartford, Conn. 

° 
Abstracts in CORROSION come from 
28 agencies. 

a 
NACE Technical task groups are 
‘ormed to reach limited objectives. 


NACE NEWS 


on — 


TRUSCON LABORATORIES x 
1700 Caniff, Dept. K-14 Detroit 11, Michig 


How can we stop corrosion ? 


“We Stopped Corrosion 


our Plant!” 


TruscoN: 


a 
DETROFT. cn 


“Corrosion was rampant inside and out before Truscon diagnosed 
our troubles and prescribed TRUSCON CHEMFAST, corrosion and 
chemical resistant coating with Devran (epoxy resin).” 


e@ If you have amy corrosion at your 
iin eel 
plant, stop it zow before replacement nasal 

. ; STH 
costs eat gaping holes in your profits! i 
Send coupon above—take advantage 


of Truscon experience and knowhow. 


Chemfast is a heavy-duty coating 
for protecting indoor and outdoor 
surfaces of wood, metal and masonry MADE WITH DEVRAN— 
against moisture, acids and alkalis. It IT’S TOUGHER, 
owes its toughness to Devran (epoxy 


; MORE RESILIENT 
resin). 


THAN A GOLF BALL; 
CHOICE OF ATTRACTIVE, 


EYE-PLEASING COLORS 


TRUSCO 


Industrial Maintenance Division 


Devoe & Raynolds Co., Inc. 
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Pittsburgh Nov.12-14 Meeting Program Completed } TEC 


Variety of Topics ; | : 
Included Among | | | power 


itensi 
e 4 4 of the 
Technical Papers — : | LE: 
. : ; Cort 
i : : P s for 
Nineteen technical papers and one 4 ariou 
demonstration have been arranged for ; al aa 
the technical program to be given at the , . ttack, 
Northeast Region’s November meeting. : > ' . : ack t 
The three-day conference will be held at ae 
Pittsburgh’s Penn-Sheraton Hotel, with é na 5 xperi 
the first day devoted to technical com- v ; F ems | 
mittee meetings. Eight plant tours have ; 
Bobalek Cogshall Costanzo n @ 
been scheduled. f oon d 
Subject matter of the symposia is sada 
varied to match the interests of the lige B | serials 
region. Symposia are scheduled on un- 4 ; a : : ; ae 
7 . : . oS ! , F ansfe 
derground corrosion, chemical industry, . a 
protective coatings, new metallurgical q { dain he co 
developments, power industry and in- _... . 
: . ne ; ” ‘ 1eta 
struments. A demonstration showing .. a E the 
electrochemical reactions is scheduled 4 ‘ f ion a 
also. si Z i : ystem 
: . : a P ‘ ’ : ‘ Exai 
Subjects to be discussed during meet- : . Begone 
ings of technical committees were listed . ™ : _ : ‘ S viewed 
in August Corrosion on Page 83. ae F 1ese | 
n . . — Corros 
; : Excl 
TECHNICAL PROGRAM | N. 
; 4 
c N Erickson Francis / N. 
oppel 
; entral 
Titles and Abstracts \ay a 
iypes 
lloys 
r 
Wednesday, November 13 'g, 
ingme 
. neet 1 
Underground Corrosion vith ¢ 
, a. Becz 
A Demonstration of Electrochemical Corrosion a & ; : E F , 4 : orrosti 
Reactions by the Use of Transparent Cells in : : : , . ; 6 ointorm 
an Optical Projector, George C. Cox, Con- : sal : p sible s 
sulting Engineer, Charleston, W. Va. om the pr 
Development of miniature transparent cells re 5 7 ; 
sulted from a need to demonstrate the correct ; 
and incorrect uses of cathodic protection on , P ye : Inst 
coated underground pipe line networks and re- Develo 
lated structures. These cells have been used to f : ; \ ' niqu 
advantage in studying various electrochemical ¥ ' Wec 
changes or reactions such as ionic migration a Pitts 
Ra ee reactions, electroplating reac- Kendall Mcllrath Purthe 
, Bis . rob 
Presentation will be essentially confined to an nee a 
illustration of various corrosion reactions and 
I will be 
of methods of preventing or inhibiting such re- 1. Pip 
actions, resista) 
: . curren! 
Weather vs. Cathodic Protection of Under- other 
ground Pipeline, Frank E. Costanzo, Manu- pit dey 
tacturers Light & Heat Co., Pittsburgh. : ‘ f , ; 
A discussion of the accumulation of weather ail § b . s ’ . Electre 
data and cathodic protection survey data of a . Lon " es How 
four-mile section of 20-inch bare pipeline in a / ; = ; } B : - : datic 
southwestern Pennsylvania over a period of five 4 : oe. \ tech 
years. Relationship between rectifier current “i § cathod 
output and rainfall, soil temperature and mean petits A ™ f F roding 
daily temperatures will be discussed. ’ 7 fais : E otated 
' : ee \ smz 
Corrosion, Cathodic Protection and Common i , | surface 
Sense, Bernard Husock, Harco Corp., Cleve { ference 
land, ; ion ct 
Techniques employed in combatting corrosion » taneou 
are discussed and examples are given to show tion, si 
that some methods can aggravate a corrosion 5 The pc 
condition. The view is taken that very often McVey Mears ented 
“common sense’’ used in evaluating a corrosion ertica 
problem can lead to erroneous solutions and . nen at 
that a more complete use of basic corrosion magnetic iron oxide deposits whose presence is pict 
principles is required. It is also shown that by not always easy to explain in the light of ac- a i tele 
using “‘common sense’’ we can fail to recognize cepted theories of boiler water conditioning. . represe 
corrosion problems. The use and abuse of com Recent laboratory experiments may provide the , pecim 
mon sense techniques in cathodic protection are answer if we are willing to permit modification : c 
discussed. of old theories. Further laboratory investigation E ey oatin: 
more nearly approximating actual boiler per- i < 4 “ee 
P i d formance is suggested, but presently there is : stra 
ower in ustry the implication that the water chemist and { 
oan Aa ‘ : boiler plant operator are confronted with a P . s Ch 
eae cS en Means of Controlling = Fobson’s choice” when they consider using ‘ ’ € 
poeores in egy Jouglas E. Noll, Hall chemicals for corrosion control. . : Design 
mpeemeres Tes a Chemicals and Con Under certain operating conditions periodic ‘ ' Coat 
\ trols, Inc., Fittsburgh. acid cleaning of boilers is essential if tube ¢ ; c Phils 
7 tube failures * a parents boilers re failures are to be avoided ; } i = : \bstra 
ail rom See ° the boiler metal or from Fundamentals of Liquid Metal Corrosion, W. D. * : i 5 
overheating ao eee ee Sn or Manly, Oak Ridge National Laboratory, Oak ee s Protect 
—— products carried into the oiler. Many Ridge, Tenn. y Plan 
factors oe upon a e power plants During the past few years interest in liquid : Dian 
are recognized and generally their effects can metals as coolants and heat transfer systems in \bstra 


be overcome by suitable chemical treatment but . : . 
boiler inspections occasionally reveal unusual (Continued on I age 105) Renshaw Sprowls 
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TECHNICAL PROGRAM 


Titles and Abstracts 





(Continued From Page 104) 


»wer production and atomic energy work has 
en greatly magnified. This has resulted in 
itensified research to determine compatibility 

the various structural metals with these 
nique coolants. 

Corrosion of structural metals in liquid metals 
s for the most part due to solubility of the 
arious constituents of the metal or alloy in the 
quid metal. The manner in which this solution 
nanifests itself gives rise to many types of 
ttack, ranging from a simple solution type at- 
ack to a deep intergranular attack with the 
referential leaching of one constituent of an 
lloy. Examples of the many types of corrosion 
xperienced with solid metal-liquid metal sys- 
ems will be illustrated. Role of impurities on 
yrrosion will also be discussed. 

In addition to the solution step, which would 
on disappear in a static-one metal system due 
» reaching a solubility limit, the corrosion of 
1etals can be continued by removal of ma- 
‘rials from solution in the liquid metal with 
temperature gradient or by dissimilar metal 
ansfer. Thus transfer of metal from hot region 

a plumbing system with its deposition in 
1e cold zone and the transfer of material from 
ne part of the system and its alloying with a 
etal of different composition in another part 

the system will greatly increase the corro- 
on as compared to results obtained in static 
ystems. 

Examples of temperature gradient mass trans- 
r and dissimilar metal transfer will be re- 
iewed and factors governing the occurrence of 
iese phenomena will be outlined. 


Corrosion of Copper and Copper Alloy Heat 
Exchanger Tubes in Exhaust Condensers, D. 
S. Hibbard, American Brass Co., Buffalo, 
N. ¥. 


opper and its alloys have been used widely in 
entral power stations. Various environments 
ay affect the service of copper and its alloys. 
ypes of corrosion most likely to affect copper 
lloys are dezincification, stress corrosion crack- 
g, pitting corrosion, corrosion fatigue, im- 
ingment corrosion and galvanic corrosion. To 
leet requirements of certain conditions, alloys 
ith certain properties have been developed. 
Because many factors may combine to cause 
yrrosion of condenser tubes, as much accurate 
nformation about operating conditions as _pos- 
sible should be available for proper analysis of 
the problem. 


Instruments 


Development of the Redox Probe—Field_Tech- 
nique, Frank FE. Costanzo and Roger E. Mc- 
Vey, Manufacturers Light and Heat Co., 
Pittsburgh. 

Further information is given on the Redox 

Probe developed by A.G.A. Presentation of a 

lew rugged probe and the procedure for tests 

will be made. Redox data will be compared to: 

1. Pipe-to-CuSOs profile study. 2. 4-point soil 

resistance survey. 3. pH readings. 4. Earth 

current readings and 5. Seasonal variation. An- 
other survey will compare Redox readings to 
pit depth. 


Electrochemical Mapping of Corrosion Currents, 
Howard T. Francis, Armour Research Foun 
dation, Chicago. 

\ technique is described for plotting the anode- 

cathode distribution over the surface of a cor- 

roding specimen. A _ cylindrical specimen is 
otated at 1725 rpm in the corrosion medium. 

\ small reference electrode placed near the 

urface of the cylinder senses the potential dif- 
erences in the electrolyte induced by the corro- 

ion currents. The scanning electrode is simul- 
aneously moved parallel to the axis of rota- 
tion, so that an area of the cylinder is scanned. 
Che potential differences are amplified and pre 
ented on the Z axis of an oscilloscope, while 
ertical and horizontal distances on the speci- 
nen are presented on the X and Y axes. Thus, 
picture is produced which closely resembles 
television picture, white and black regions 
epresenting anodic and cathodic zones of the 
pecimen, respectively. 

Coating Evaluation, Harold C. O’Brien, Roy- 


ston Laboratories, Blawnox, Pa. 
\bstract not available. 


Chemical Industry 


Design Related to the Application of Protective 
Coatings, K. G. LeFevre, Metalweld, Inc., 
Philade Iphia. 

\bstract not available. 


Protective Coating Standardization in a Multi- 
Plant Chemical CPeretion, S. W. Mcllrath, 
Diamond Alkali Co., Cleveland. 

\bstract not available. 
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Fight corrosion 
and save money 


They're prefabricated, and curved to 
fit the pipe! USS American Pipe 
Coupling Shunts are designed espe- 
cially for easy application on me- 
chanical pipe couplings. They save 
the time and labor of fabricating 
home-made shunts, are easier to in- 
stall, and do a better job. 

Terminals and secondary conduc- 
tors are steel. Main conductor is 
heavy copper bar. Conductors are 
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welded permanently to the pipe and 
coupling to keep entire assembly at 
same potential. 

Write for information about ca- 
thodic protection devices manufac- 
tured by American Steel & Wire. 
These include pipe coupling shunts; 
anode connectors; suspended anode 
connectors for piers, dry docks, 
ships; and coupon connectors for 
connecting leads to pipe. 


AMERICAN STEEL & WIRE 


DIVISION, UNITED STATES STEEL 


GENERAL OFFICES: CLEVELAND, OHIO 


TOLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN PIPE COUPLING SHUNTS 


UNITED STATES STEEL 
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The Use of Electrochemical Measurements to 
Predict Corrosion Rates, R. B. Mears, U. S. 
See! a Research Laboratories, Monroe- 
ville 


Various types of electrochemical measurements 
used or suggested for use in predicting corro- 
sion rates will be described and _ evaluated. 
These range from direct measurement of poten- 
tial of local corrosion cells and of the quantity 
of corrosion current to indirect measurements 
based on fundamentally or empirical established 
relationships. 

It will be pointed out that while many of the 
procedures have shown a good correlation be- 
tween electrochemical measurements and corro- 
sion rates under selected laboratory conditions, 


SREAT 


eR OO Oe TS 
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none of the methods are generally applicable for 
field use at a. Furthermore, it will be 
pointed out that even the best of these types 
of measurements yield misleading indications in 
special cases. As a result of recent advances in 
electronic techniques and in the knowledge of 
mechanism of corrosion, it is believed that a 
oumenere attack on the instrumentation problem 
would yield successful results. 


Evaluation of Corrosion Data by Mathematical 
Statistics, V. V. Kendall, een Tube Divi- 
sion, U. S. Steel Corp., Pittsburgh. 


Abstract not available. 


Protective Coatings 


Surface Preparation Techniques, J. H. Cogshall, 
Pennsalt Chemicals Corp., Philadelphia. 
Abstract not available. 


A poeees Approach to Corrosion Prevention 
Through Protective Coatings, H. W. Howard, 
Shell Shemienl €o., Cleveland. 

Abstract not available. 


MADE Co Re ATER 


with **Ai-Spec” cacvanizine 


@eeeeeeeneeeseeee ee eee 6 & @ 


Here is a message of great 
importance to every manufac- 
turer and every user of iron 
and steel products. 


**hi-Spee’galvanizing 

guarantees a heavier rust- 
proof (zinc) coating than is 
called for in Mill, Federal or 
even ASTM specifications. 
This means LONGEST LIFE and 
MAXIMUM PROTECTION 
AGAINST CORROSION. 


CSC CCU SUCCES RO OR OOF eee ee ee 


SHSHSSHOSSH SSH SSEEHESHHSHHESHEHROSHSESHEOSESETHOHEHHEE 


MAKE YOUR PRODUCT GREATER 
**hi-S 
WITH hi- PEC cavanizine 
EXCLUSIVE PROCESS OF 


AMERICA'S FOREMOST QUALITY GALVANIZER 


SOSOSSEHEHOHSES ETOH ESEHRESHSESESHOEHEEHHOEHHEBEDEE 


** hi-Spee™ highest speci- 
fication in galvanizing —less- 
ens the necessity for repairs, 
cuts down the chance of instal- 
lation damage and eliminates 
fractures in coating. 


For production runs or job 
lots, our modern, fully 
equipped plant with storage 
facilities, railroad siding and 
our consulting and engineer- 
ing services are at your call. 


CROSSE REEEHEHMA OHO OUIALIODOED aD 


etal Coating Corporation 


FRontier 6-3800 
1215 West 37th Street, Chicago 9, 


Vol. 13 


The Search for Steam Resistant Coatings, E. G. 
Bobalek, W. R. R. Park and E. G. Bell, Case 


Institute of Technology, Cleveland. 

Steam exposure presents the most severe e.i- 
vironment for producing blistering failure of 
synthetic resin coatings. Conflicting evidence 
has been presented over the past several years 
regarding the performance of modern coatin;s 

in preventing the corrosion of steel in stea-n 
exposure. An experimental survey was made ly 
panel testing more than 120 commercial coatings 
representing about 25 different chemical typ: s 
over a variety of surface treatments. Tabulir 
comparisons are made regarding the relati:e 
worth of different types of coatings. A number 
of coating types, properly applied, can wit) 

stand 500 hours or more of exposure to 250 F 
steam. 

Some theoretical conclusions are advanced 
which suggest how important variables of coat- 
ing formulations can effect steam and blisteri g 
resistant properties. 


Corrosion Protection of Power Plants by Or- 
ganic Coatings, P. M. Hess, Safe Harbor 


Water Power Corp. 

An account of a development program, with a 
few illustrations, carried out over a period of 
years on a practical basis to improve the vei y 
unsatisfactory service received from protective 

coatings available at the time. Considerabie 
emphasis is placed.on improvements in organic 
coatings during the period of research and 
progress in verifying the need for proper prep- 
aration of the surfaces prior to applying the 
coatings, especially when used to protect fer- 
rous underwater equipment. Value of methods 
of application is enumerated in relation to the 
cost and service life of the product used, to- 
gether with the cost of each operation required 
for the overall job related to a per year life 
basis. 

The author points out some difficulties ex- 
perienced with steel fabricators in having them 
apply specified other than their standard shop 
coats. 

Use of color schemes to enhance plant archi- 
tecturally, improve safety, better employee 
morale and improve operating efficiency are 
enumerated as well as the desirability of utiliz- 
ing the heat conductivity, and heat and light 
reflecting qualities of a product whenever its 
durability as a protective coating is satisfactory. 

Final evaluation points out the need for de- 
termining the cies and cheapest procedure 
and selecting a material which will do the best 
protection job at a particular location with a 
compromise on the other desirable requirements 
associated with protective and beautifying 
coatings. 


Thursday, November 14 


New Metallurgical 
Developments 


Some Newer Developments in Corrosion Resist- 
ing Steels and Steel Products, John Halbig, 
Armco Steel Corp., Middleton, Ohio. 

This paper describes a number of new steels 
and steel products. The design of each is based 
at least in part on a requirement for corrosion 
resistance. These products embrace a wide field 
of interest and are the result of active industrial 
research. 

Several precipitation hardening stainless steels 
give strength and fabricating properties not 
heretofore available in corrosion resisting ma- 
terials. While certain of these steels have wide 
application in the aircraft industry, they are 
also used for many other purposes. This di- 
versity of application is discussed. Data are 
also presented on a new austenitic stainless steel 
being widely used in automotive valves. 

A new type of aluminum-coated steel is de- 
scribed and compared with its earlier counter- 
part. The new Type 2 coating finds wide use in 
atmospheric exposure. The earlier Type 1 coat- 
ing is used principally where heat is encoun- 
tered. 

Porcelain enamel coatings are now being ap- 
plied to aluminized steel for decorative purposes, 
the result being a doubly protected product with 
excellent strength characteristics. The story of 
this development is briefly outlined and results 
are shown. 

In the non-metallic coatings field a new cor- 
rugated pipe product is finding wide acceptance 
in municipal and industrial sewage disposal sys- 
tems. This unique pipe is shown and discussed. 


Effect of Metallurgical Factors on Resistance 
to Corrosion of Aluminum Alloys, D. O. 
Sprowls, Alcoa Research Laboratories, New 
Kensington, Pa. 

Abstract not available. 


(Continued on Page 107) 
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roperties of AM350, William Renshaw, Alle- 


gheny Ludlum Steel Co., Brackenridge, Pa. 
\mong the newer materials of construction, 
\M-350 offers a unique combination of proper- 
ies. It possesses high strength which can be 
eveloped by freezing, a departure from the 
mventional high temperatures employed with 
ommercial stainless steels. Because of its alloy 
ontent, AM-350 has good corrosion resistance, 
xceeding that of the hardenable 400 series of 
tainless, This paper discusses resistance to gen- 
al corrosion as well as localized attack. Me- 
hanical properties are briefly covered for con- 
litions in which corrosion data are reported. 





BIOGRAPHIES 


ittsburgh Meeting Authors 





“=DWARD G. BOBALEK—Professor of chem- 
al engineering, Case Institute of Technology, 
1 charge of coatings and plastics research 
iboratories. He specializes in theoretical prob- 
ms on engineering application of polymeric 
aterials. He has a BS from St. Mary’s Col- 
ge, 1939; MS Creighton University, 1940 and 
‘hD Indiana University, 1942. 


ARL A. ERICKSON, JR.—Since 1947 corro- 
on engineer for the People’s Natural Gas Co. 
Pittsburgh, he has an AB from Hobart 
lege, 1947 and an MS, University of Chi- 
igo, 1943. Presently secretary of the Western 
‘ennsylvania Corrosion Committee, he is active 
NACE technical committee work presently 
eing chairman of T- 7 Corrosion Coordinating 
ommittee and of T-7A Northeast Region Co 
rdinating Committee among other activities. 


tr. G. BELL—Currently project leader in charge 
the paint testing program at Case Institute 
Technology, he joined the institute after 
everal years ‘with Canadian Industries, Ltd. 
here he specialized in formulation and testing 
i synthetic resins. 


JAMES H. COGSHALL—Since 1950 with 
Pennsalt Chemicals Corp., Philadelphia he has 
een occupied principally with coatings prob- 
lems. He has been with the company’s corro- 
sion engineering products department in Phila- 
delphia, Pa, since August, 1953. He has a BS 
n chemical engineering, University of Pennsyl- 
vania, 1938, 


FRANK E, COSTANZO—Senior corrosion en- 
gineer with the Pittsburgh Group of Columbia 
Gas System. He has been working on under- 
ground corrosion problems since 1945. Formerly 
with the Utility Survey Commission from 1936 
to 1940, he has a BS in mechanical engineering 
from U niversity of Pittsburgh, 1933. Long 
ictive in NACE affairs, he presently is director 
epresenting Northeast Region on the NACE 
board of directors. 


GEORGE C. COX—A consulting engineer on 
orrosion prevention methods and processes, he 
ias a BS and MS in electrical engineering from 
North Carolina State College, 1917 and 1926; 
did graduate work on metallurgy at Columbia 
\'niversity in Applied electronics and electro- 
chemistry at Sorbonne University, Paris. He 
ilso did graduate work on industrial and man- 
power mobilization at the Army Command and 
General Staff School and the Army War Col- 
ege, followed by a two year assignment to the 
War Department Géneral Staff on World War 
[I operational planning. While in charge of a 
corrosion prevention project in the European 
Cheater of Operations he developed an elec- 
rolytic method of descaling tetraethyl lead- 
containing rust layers from gasoline carrying 
ankships which made possible transportation of 
ead-free potable drinking water to U. S. troops 
it a time when retreating Germans were con- 
aminating water supplies. He also helped de- 
elop the electrical method of producing a cal- 
areous coating on steel submerged in sea 
vater. He is a retired colonel of the Army of 
he United States. 


HOWARD T. FRANCIS—Supervisor of the 
Electrochemistry Section of the Armour Re- 
search Foundation, he received a BS in chem- 
stry from Mount Union College in 1938 and a 
PhD from Pennsylvania State College in 1942 
vhen he joined the foundation. His fields of 
nterest include corrosion, electrodeposition and 
yatteries with major emphasis on new solutions 
f electrochemical problems, 


(Continued on Page 108) 
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BUY the protection you need 
... not what you are SOLD! 








Federated’s interest in corrosion control is not limited to 
any single product. Our products cover the entire range of pro- 
tective non-ferrous. metals. 


So when you need effective corrosion control, our recom- 
mendations are unbiased. Our metallurgists work with, and our 
plants produce, all of the following supplies: 


GALVANIC ANODES Magnesium and Zinc are designed and made 
by Federated to protect pipelines and other buried struc- 
tures ... to control corrosion of pilings, piers, ships’ hulls 
and ballast tanks exposed to salt water. 


LEAD SHEET, PIPE AND FITTINGS designed and fabricated by 
Federated for residential, general industrial and chemical 
handling applications. 


ZINC AND ZINC ALLOYS for galvanizing, die casting and other 
purposes... . and zinc dust for paints. 


COPPER AND ALUMINUM ALLOYS for pipe, fittings, valves, roof- 
ing, screening, pole line and marine hardware. 


PLATING MATERIALS include copper, lead, cadmium, zinc and silver 
anodes; nickel salts and addition agents for plating baths. 


Call Federated for practical corrosion advisory service. Let 
us provide you with the most efficient and economical solution to 
your specific corrosion problem. 





B Sedcwed This SS 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


¢ 
120 Broadway + New York 5. N.Y. 
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JOHN HALBIG—Now senior research engi- 
neer with his company, he has been active in 
corrosion research since 1940 except during a 
tour of duty with the Corps of Engineers in 
World War II. He is engaged in industrial 
corrosion control work, including materials 
selection and maintenance. He is active in 
NACE technical committees and otherwise. He 
has a BS in chemical engineering from Johns 
Hopkins University, Baltimore and is a grad- 
uate of the Army Command and General Staff 
School, Ft. Leavenworth, Kansas, 1945. He is 
active also in ASTM and AISI. 


P. M. HESS—Presently manager of the Safe 
Harbor Water Power Corp., he is past chair- 
man of the Engineering Section, Pennsylvania 
Electric Association and past chairman of the 
Hydraulic Power Committee of the Edison 
Electric Institute. He has AB and EE degrees 
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from Swarthmore College. He has been em- 
ployed by General Electric Company and in 
1922 joined Pennsylvania Water and Power 
Company as a test engineer, later becoming 
operating engineer. In 1931 he joined his pres- 
ent employers as superintendent of its Safe 
Harbor Plant, where he combated pitting in 
Kaplan turbines by using stainless steel and 
studied means of better coatings protection for 
utiderwater structures. 


D. S. HIBBARD—Since 1954 metallurgical 
engineer, Buffalo Division, American Brass 
Company, principally working on applications 
of copper dev heat exchanger tubes and copper 
alloys in the electrical omnes field. He 
joined American Brass’ Buftalo Division in 
1941 where he worked in the technical depart- 
ment until 1946 and from 1946 to 1954 as sales 
representative for the Buffalo office. He is a 
graduate of Wesleyan University Middletown, 
Conn. and is a member of NACE, AIME and 
ASM. 


BERNARD HUSOCK—Chief engineer since 
1953 of Harco Corporation’s corrosion control 
activities, he is a member of AIEE, NACE, 
Tau Beta Pi and Eta Kappa Nu. Before joining 
Harco in 1950 he did design and development 


WHICH "HIGH-POTENTIAL” ANODE 


GIVES YOU MOST FOR YOUR MONEY? 


They’re both called “high-potential” magnesium anodes. They look alike. They 
weigh the same. How do you tell which one will give you the most cathodic 


protection for our money? 


The answer is in their current efficiency—the useful ampere hours per pound 
of metal consumed—and their solution potential. 


What can this mean to you? Assume a packaged, 17-lb. Galvomag—Dow’s 
high-potential anode—would cost $9.95 plus $5.00 for installation. It operates 
at 50 percent efficiency (at a 0.1 ampere current drain) and has a life of 9.7 
years. Other “high-potential” packaged anodes with a maximum efficiency 
of 30 percent have a maximum life of only 5.8 years. Operating at maximum 
efficiency, to give the same ampere-hour cost as the Galvomag, these anodes 


would have to sell for only $3.94! 


As a service to the industry, CSI has found an independent laboratory that 
will determine the relative efficiency of anodes for you. The standard 14-day 


“pencil” test is used: 


St. Louis Testing Laboratories 
2317 Chouteau Avenue, St. Louis, Missouri 


This lab is 28 years old, and does work regularly for more than 2000 clients— 
including major oil, chemical and aviation firms. It is a member of the American 
Council of Independent Laboratories. (For more information, write C. D. 


Trowbridge, Director.) 


Meanwhile, specify Galvomag, 


Dow’s 


original high-potential magnesium 


anode, from CSI. You can be sure you are getting the most for your money— 


and exactly what you specify. 


Write or call today. Quotations on cathodic protection materials or services 
without obligation. Ask for a free copy of the new CSI report on high-potential 


CORROSION SERVICES 


anodes in hot spot protection. 


P. O. Box 7343, Dept. A10 


INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 


Vol. 13 


TECHNICAL COMMITTEE MEETINGS 


NOVEMBER 12, 1957 


NORTHEAST REGION MEETING 
Nov. 12-14, 1957 
Penn-Sheraton Hotel, Pittsburgh 


Morning 


T-2E Internal Corrosion of Products Pipe Lines 
and Tanks 

T-2K Prefabricated Plastic Film for Pipelive 
Coatings 

T-4B Corrosion of Cable Sheaths 

T-5A-5 Corrosion by Nitric Acid 

T-5D Plastic Materials of Construction 

T-6F Protective Interior Linings Application and 
Methods 


Afternoon 


T-3C Cost of Corrosion 

T-3H Tanker Corrosion 

T-5A-6 HF Corrosion 

T-6D Industrial Maintenance Painting 

T-7A Northeast Region Corrosion Coordinating 
Committee. 


work on aircraft radar equipment for Philco 
Corp. He fias a BS in electrical engineering 
from Drexel Institute of Technology and has 
done graduate work in electronics at University 
of Pennsylvania. 


Vv. V. KENDALL—For more than 30 years 
corrosion engineer for National Tube_ Division, 
U. S. Steel Corp. he is active in NACE, AISI, 
ASTM and is a member of other technical or- 
ganizations. He has held numerous positions 
ranging from chemist for a railway company to 
college professor. He has an AB trom Missouri 
Wesleyan College, BS in Ed, University of 
Missouri and MA in chemistry, University of 
Missouri. 


W. D. MANLY—Associate director of the 
Metallurgy Division of Oak Ridge National 
Laboratory engaged in problems associated with 
atomic reactor development. He is a member 
of NACE, AIMME, American Nuclear Society 
and ASM. He has BS and MS degrees from 
University of Notre Dame. He was with the 
Marine Corps during World War II in the 
South Pacific and in China and has held numer- 
ous offices in the societies to which he belongs 
and is author of several papers in his field. 


S. W. McILRATH—Central Engineering Dept., 
Diamond Alkali Co., Cleveland. He has been 
corrosion specialist for the last three years for 
all Diamond plants as well as chairman of the 
company’s alkali protective coating standardiza- 
tion program. His corrosion experience includes 
three years as liaison section on packaging 
tanks and parts for overseas shipment in U. S. 
Army’s Cleveland Ordnance District and seven 
years as corrosion engineer at the Painesville, 
Ohio works of Diamond Alkali. He has a BS in 
ChE from Fenn College, Cleveland and during 
1944-46 was in the Navy Bureau of Ordnance 
as cognizance officer for rocket propulsion. 


R, E. McVEY—He has worked on underground 
corrosion problems since 1955 as a member of 
the engineering department of the Pittsburgh 
Group, Columbia Gas System. He has a BS in 
biological science, Marshall College, Hunting- 
ton, W. Va., 1951, is a lieutenant in the naval 
reserve and a member of NACE. 


DOUGLAS E. NOLL—Currently staff engi- 
neer for Hall Laboratories’ Division, Hagan 
Chemicals and Controls, Inc., he has been with 
his employer 14 years. He has had extensive 
practical experience with water corrosion prob- 
lems, has worked in the company’s research 
laboratories and directed a quality control pro- 
gram for production of water treating chemi- 
cals. He has a chemical engineering degree 
from Carnegie Institute of Technology and is a 
registered professional engineer in Pennsylvania. 


W. R. R. PARK—Presently with Dow Chemi- 
cal Company, Midland, Mich., he was in charge 
of experimental work at Case Institute of 
Technology between July, 1955 and February, 
1957. He is a graduate of University of Toronto 
and came to Case as a research associate after 
two years as research chemist with Canadian 
Industries, Ltd. 


E. H. PHELPS—Head of the Corrosion Ki- 
netics Section, Applied Research Laboratory, 
U. S. Steel Corporation, Monroeville, Pa. He 
received a BS from Clarkson College of Tech- 
nology, Potsdam, New York and a MS and 


(Continued on Page 110) 
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Whatever the piping arrangement, liquid never touches metal in saran lined pipe, fittings or valves. 


You can see why saran lined pipe cuts costly downtime 


It’s a rigid steel pipe lined with durable saran that corrosive liquids won’t bother 


Now you can pipe commonly used acids, alkalies and other 
corrosive liquids without worrying about corrosion. With 
saran lined pipe, the liquid never touches metal — in the 
pipe, valves or fittings. Corrosion can’t get a start—downtime 
troubles are eliminated. 


Because it is two pipes in one, steel swaged onto saran, it 
has high strength. In fact, saran lined pipe will withstand 
working pressures up to 300 psi. Saran lined valves and fit- 


SARAN LINED PIPE COMPANY 
DEPT. SP1594D 

2415 BURDETTE AVENUE 
FERNDALE 20, MICHIGAN Address. 


Name 


tings are available for 150-psi and 300-psi working pressures. 


You'll get other advantages when you use saran lined pipe. 
It’s easy to fabricate and easy to install. Conventional pipe 
fitters’ tools can be used for cutting and threading. And you 
can hang it as you would ordinary steel pipe. 


If your operation can profit from long-lasting, corrosion-free 
piping, investigate saran lined pipe today. THE DOW CHEM- 
ICAL COMPANY, Midland, Michigan. SpP-1594D 


COCO e eo Oe eee eee EEE ESE EEEEEE eee 


Please send me information on saran lined pipe, fittings and valves. 
es 


2 «| 


YOU CAN DEPEND ON 
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PhD from Case Institute of Technology. His 
experience includes three years in corrosion 
work at the Materials Laboratory, Wright Air 
Development Center, Dayton, Ohio. Since join- 
ing U. S. Steel, he ‘has been engaged in corro- 


sion research programs on stainless, alloy, and 
carbon steels. 


WILLIAM G. RENSHAW—Supervisory chem- 
ical Engineer, Corrosion Section, Allegheny 
Ludlum Steel Corp. He started work for his 
present employer in 1940, then spent two years 
in the Navy working in the electronics field. He 
is author of several papers on corrosion resist- 
ance of stainless steel and titanium. 


DONALD O. SPROWLS—He has spent eight- 
een years in corrosion control work on aiu 
minum and aluminum alloys, especially in at- 
mospheric exposures at Aluminum Research 
Laboratories, New Kensington, Pa. He has a 
BS in chemical engineering, Drexel Institute 
and has attended Carnegie Institute. 


Northeast Region Offers 
Eight Industrial Tours 


Preregistration will be required to 
take any of the following tours offered 
Wednesday, November 13 during the 
Northeast Region meeting at Pittsburgh: 
Gulf Research and Development Com- 

pany, Harmarville. The prospecting, 

production and uses of oil are shown. 


Entomology laboratory for study of 
insecticides is especially fascinating. 


U.S. Steel Research Center, Monroe- 
ville. Fundamental and applied re- 
search laboratories. 


peertsterart 
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Air, Sea and Land Corrosion Problems Are 


Vol. 13 


Aired at Chicago Transportation Symposium 





Nantz Stevens 





Pittsburgh Plate Glass Company, 
Creighton. Manufacturing of plate 
glass products from melting to finish- 
ing on continuous line. 

Continental Can Company, West Mifflin 
Borough. Modern plant for the manu- 
facture of containers, 

H. J. Heinz Company, Pittsburgh. 
Home of the famous 57 varieties. Food 
processing and packing. 

Aluminum Company of America, New 
Kensington. 

Pittsburgh Coke and Chemical Com- 
pany, Neville Island. Modern coke 
plant and chemical recovery opera- 
tions. Chemicals from coal tar. 

Fisher Scientific, Pittsburgh. Develop- 
ment and production of laboratory 
World’s 

paintings 


instruments and equipment. 
outstanding 
of alchemy. 
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ee. with the plastic 
pipe you can trust. 









SPECIAL DELIVERY for liquids and gases in all branches of industry is assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually no maintenance or policing. You install Kraloy PVC —and forget it. 
That's why millions of feet of Kraloy Plastic Pipe are in use today, because 
Kraloy PVC is inert and can never rust, rot, or corrode, is not subject to electro- 
lytic action, handles abrasives, slurry and most Ph factors, is scale resistant. 
Superior flow characteristics (C factor = 150+) permit use of smaller diameters. 
Installation costs 50% less, due to light weight and ease of handling. 





Write for complete information and literature. 


Y RIGID PVC PLASTIC PIPE 
/KRA NORMAL AND HIGH IMPACT 
Kraloy Plastic Pipe Co., 4720 E. Washington Blvd., Los Angeles, Dept. 
Subsidiary of the Seamless Rubber Co., a Rexall Drug Co. Subsidiary 
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Corrosion problems of aircraft, oil 
tankers and Diesel engines are to be 
covered during the Transportation Sym- 
posium presented at Chicago during the 
October 2-4 North Central Region meet- 
ing there at Hotel Sherman. A fourth 
paper in the symposium pertains to 
conductivity tests on zinc dust pigmented 
coatings, 

The Transportation Symposium, with 
S. K. Coburn, Association of American 
Railroads as chairman, is one of eight 
scheduled for the Chicago meeting. 
Details concerning other papers to be 
presented were published in CORRO- 
SION’s September issue beginning on 
Page 95. 

The following papers will be presented 
during the Transportation Symposium: 


Aircraft Corrosion Problems by First Lt. David 
S. Nantz, Project Engineer, Materials Labora- 
tory, Wright Air Development Center, Day- 
ton, Ohio 

Becatise weight is kept to a minimum, margins 
of safety in aircraft have been reduced to the 
point that loss of metal by corrosion is serious. 
Most corrosion encountered by the Air Force 
results from salt fog, engine exhaust gas, trap- 
ped water, dirt or condensation. Means of com- 
bating corrosion on jet engines, structural parts 
and on new high strength aluminum alloys are 
discussed. 


Laboratory Testing of Railroad Diesel Cooling 
System Corrosion Inhibitors by J. I. Breg- 
man and D. B. Boies, National Aluminate 
Corp., Chicago. 

Development of test methods for laboratory 

evaluation of corrosion inhibitors in railroad 

Diesel engines are discussed with relation to 

the diversity of metals and wide range of 

operating conditions encountered. 

Flask type tests for screening and develop- 
ment and a recirculating test involving a heat 
transfer surface designed to more nearly dupli- 
cate service conditions and finally evaluate a 
ores were developed. 

Results are given for several commercial and 
experimental inhibitors of the boron-nitrite sol- 
uble oil and other types. Results are presented 
also from tests involving coupling or insulation 
of the several metals, inhibitor dosage level, 
water composition, presence of anti-freeze com- 
pounds as well as effect of inhibitors on non- 
metallic components of system. 

Importance of inhibitor behavior under test 
conditions is discussed in relation to conditions 
of actual use, indicating good correlation 
between laboratory and field tests. 


Corrosion in Tankers by F. M. Watkins, Sin- 
clair Research Laboratories, Harvey, III. 
The origin. and operation of the American 
Petroleum Institute’s investigation of corrosion 
in ocean-going tank ships is related. While con- 
siderable ixterucsiion has been accumulated 
which is indicative or qualitative, more quan- 

titative information now is needed. 

Cooperative shipboard tests have been plan- 
ned and data are now being collected on several 
methods of control. 


Conductivity Testing of Zinc Dust Pigmented 
Coatings by H. L. Stevens, Chemist, Materi- 
als Laboratory, Wright Air Development 
Center, Dayton, Ohio, 


The development of a satisfactory conductivity 
test which can be used as the scientific basis 
for formulation of zine rich coatings providing 
good galvanic protection to steel is described. 
The test described will determine optimum 
zine concentration, film thickness and drying 
time for any given vehicle. 


Philadelphia Sectionto 
Hold Panel Discussion 


A panel discussion on materials of 
construction will be the featured tech- 
nical program at an October 29 meeting 
of Philadelphia Section. Panel members 
and their specialties are: R. R. Pierce, 
ceramics, refractories; W. B. DeLong, 
metallic; Kenneth Chamberlain, struc- 
tural plastics. 
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Corban® has been recognized for some time as one of the most 
= ; effective, economical corrosion inhibitors for protecting the internal 
| j surfaces of well equipment from corrosion. 
ore. Now, research and field testing bring you a new technique for longer-lasting 
= F protection. This technique of squeezing with Corban involves pumping 
gins Corban into the producing formation. It is then slowly produced back with 
ie normal production over several months, plating out in a 
a) a protective film over metal well equipment. 
com- To date this new approach to the use of Corban for corrosion control 
‘ore has been even more successful than anticipated. 
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test Production from this particular gas condensate well is 
aaa z . about 10 MMCF per day, with about 150 bbls. of i 
Q A . te we ee distillate and about one barrel of water. The squeeze 
ae =m 200 f RPRE TE I treatment with Corban was performed by pumping 
5in- b eee, 3 WATER SAMPLE ANALYSIS: : 50 gallons of Corban 101, mixed with 30 gallons of 
ox . ‘ sau fresh water, into the formation. This mixture was 
can wi 4 oo PPM CORBAN f ; y 
of a. 5 : fe == PPM IRON displaced with condensate and then over-flushed with 
:on- Pa : — ore RN 12 bbls. of condensate. 
ited | 150 ie All of the pumping was done at a rate of about 
me a. one barrel per minute. The maximum surface pressure 
7) was 5000 psi as the Corban was entering the forma- 
eral tion. The pressure while the condensate was pumped 
into the formation was 4000 psi. No adverse effects 
sad 100 on production were noted following the treatment. 
eri- Corrosion protection was provided for 16 weeks— 
ent without having to open up the well for subsequent 
oe inhibitor treatments during this period. 
sis 50 
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‘oO Let us recommend a program of well treatment | 
TIME IN WEEKS SINCE SQUEEZE designed especially for your wells. Call any of 
n the 165 Dowell offices in the United States and 
“at Canada. In Venezuela, contact United Oilwell 
h- Service. Or write Dowell Incorporated, Tulsa 1, 
ng Oklahoma. 
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be, , 
1B, Services for the oil industry 
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Plastics Symposium for March Meeting Filled 


Papers on Pipes and 
Tanks Scheduled for 


San Francisco Meet 


Extensive information on the physical 
properties and performance characteris- 
tics of principal plastic materials of con- 
struction will be divulged during the 
Plastics Symposium at San Francisco. 
The symposium, one of 17 to be held 
during the 14th Annual NACE Confer- 
ence March 17-21, consists of four 
papers. It is scheduled to be held on 
the afternoon of Thursday, March 20. 


General content of papers and names 
of authors in the symposium have been 
given as follows by W. B. Meyer, St. 
Louis Metallizing Co. and O. H. Fen- 
ner, Monsanto Chemical Co., respec- 
tively chairman and co-chairman of the 
symposium: 


A discussion of the fabrication of 
rigid polyvinyl chloride by Louis Per- 
rett, Jos. T. Ryerson & Sons. 

Summary of three years’ creep studies 
on polyvinyl chloride pipe and fittings 
made in their laboratory by Gordon H. 
Fornald, Technical Manager and H. H. 
George, Research Manager of Tube 
Turns Plastics. 

Information on reinforced epoxy pipe 
and fittings, H. H. Boggs, Fibercast 
Company, Sand Springs, Okla. 
reinforced tanks and 
Smith, Ceilcote Co. 


Fabrication of 


ducts by W. E. 


March Exhibition 
Booth Sales Good 


Orders for booth space at the 14th 
Annual NACE Exhibition at Civic 
Auditorium, San Francisco, Cal. are 
being received at Central Office NACE 
in good volume. This year’s descriptive 
brochure and contract were mailed to 
an expanded list of prospects somewhat 
earlier than in previous years. 

Up to September 4, contracts for 
booth space have been received from 17 
companies. Additional contracts are be- 
ing received daily and the number of 
exhibitors is expected to reach substan- 
tial size before the end of the year. 

Companies that have contracted for 
space so far are: 

Amercoat Corporation, South Gate, California 

Chicago Metallizing Corporation, Chicago, Illi- 
nois 

Clementina Ltd., San Francisco, California 

M. J. Crose Manufacturing Company, Inc., 

Tulsa, Oklahoma 
The Dampney Company, Hyde Park, Boston, 

Massachusetts 
The Duriron Company, Inc., Dayton, Ohio 
Gulf States Asphalt Company, Inc., Houston, 

Texas 
The International Nickel Company, Inc., New 

York, New York 
Johns-Manville Sales Corporation, 

City, New York 
Lester Equipment Mfg. 

Angeles, California 
F. H. Maloney Company, Houston, Texas 
The Pfaudler Company, Rochester, New York 
Plicoflex, Inc., Los Angeles, California 
Protecto Wrap Company, Tulsa, Oklahoma 
U. S. Stoneware Company, Akron, Ohio 
Visco Products Company, Houston, Texas 
T. D. Williamson, Ine., Tulsa, Oklahoma 


New York 


Company, Inc., Los 


Announcing Three Complete 
Locations to Serve You! 


HOUSTON. Wayne A. 
Johnson, President,  di- 
rects the company’s ac- 
tivities Main 
Office in Mr. 


Johnson is well known in 


from the tive 
Houston. 
uate of 
College 


experience 


the cathodic protection 
profession and is the 
author of many technical disposal 
articles in the field. P. O. 


Box 19177, Houston, Tex. 


CORROSION RECTIFYING CO., 


5310 Ashbrook 
P. O. Box 19177 


GREAT BEND, KAN- 
SAS. 
Mid-Western 


for Corrosion 


Harvey 


fying Company is a grad- 
Kansas 


with 


and 
prevention. Rt. 2, Great 


Bend, Kansas. 


NEW ORLEANS, LA. 
James T. Condry, New 
Orleans representative, is 
a graduate Electrical En- 
gineer in charge of evalu- 
ation, design, installation 
sales for 


Fanshier, 
representa- 
Recti- 


State 


extensive 


and materials 
the Louisiana territory 
He has wide experience 
in marine and_ offshore 
installations. 2322 Airline 
Highway, Kenner, Louisi- 


salt water 


corrosion 


ana. 


INC. 


Phone MO 7-6659 
Houston, Texas 


More Appointments Made 
For March Conference 


Personal contact 
with individuals an 
concerns in Wester 
Region who shoul 
know about the Marc! 
1958 NACE 14th An 
nual Conference anc 
Exhibition will be di 
rected by William P 
Simmons, Alloy Stee 
Products Co., Ince. 
Mr. Simmons, assist 
ant to George A 
Works, exhibits com 
mittee chairman, ex 
pects to reach mei 
who otherwise might 
not learn about the 
meeting in time to 
attend. 


R. S. Treseder, 
Shell Development 
Co., will work with 
L. E. Habben on the 
Housing Committee 
and handle arrange- 
ments for the lunch- 
eon for NACE cor- 
porate members. 

Treseder 


P. J. Ratisneder, 
Shell Development 
Co., has accepted re- 
sponsibility for regis- 
tration. He is a 1941 
graduate of Univer- 
sity of Wisconsin 
with a BS in chem- 
istry. 


Plans have been 
made also for distri- 
bution among inter- 
ested companies over 
the United States of 
a poster calling atten- 
tion to the March 
meeting. 


Lectures Will Be Given on 
Atmospheric Corrosion 


Three educational lectures on atmos- 
pheric corrosion, in effect a symposium 
on the subject, are a planned feature of 
the NACE 14th Annual Conference at 
San Francisco. Frederick W. Fink, Bat- 
telle Memorial Institute, Columbus, 
Ohio, chairman of the educational pro- 
gram has scheduled the one-hour lec- 
tures on Tuesday, Wednesday and 
Thursday, March 18-20. 

Subject matter will include mecha- 
nisms for ferrous and non-ferrous 
metals, principles of design in atmos- 
pheric corrosion experiments, proce- 
dures for interpretation of results of 
atmospheric corrosion experiments, pro- 
cedures for interpretation of results of 
atmospheric corrosion experiments. 

® 
Corrosion publishes annually in Decem- 
ber an alphabetical subject index to its 
Technical Section. 


Raifsnider 


& 
A list of available reprint copies of tech- 
nical reports and articles from CORRO- 
SION is available on request. 
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Natural Gas Pipeline Company of America Finds 
GAS LINE LIKE NEW AFTER 27 YEARS! 


Bitumastic coal-tar enameled pipe to be re-used 


In relocating its line to make way for a new 
highway near Truro, lowa, the Natural Gas 
Pipeline Company of America removed some 
900 feet of Bitumastic® enameled pipe laid in 
1930. According to Mr. D. C. Allen, District 
Superintendent, this 24-inch seamless steel tub- 
ing is in such good condition that it will be re- 
conditioned and used again as new pipe. 
Applied by the rolling and “‘granny-rag”’ 
method in 1930, the Bitumastic XXH Enamel 
on this line was in excellent condition. The 
asbestos-felt overwrap, originally applied loose, 
was torn from soil stresses, but the Bitumastic 
enamel coating showed no serious disbonding 
or deterioration. At the time of relocation, the 
section had been under cathodic protection for 


two years. Natural Gas Pipeline Company of 
America records show no corrosion leaks on this 
section during the entire 27-year period under- 
ground. 

Case histories such as this from prominent 
pipeline companies prove the unmatched pro- 
tective ability of coal-tar enamel. In these days 
of rising material costs, you can’t afford to 
gamble your entire pipeline investment on a 
less effective coating. 

Your Koppers representative will be glad to 
give you full information on the superior pro- 
tection of Bitumastic coal-tar enamels. Koppers 
District Offices: Boston, Chicago, Los Angeles, 
New York, Pittsburgh, and Woodward (Bir- 
mingham), Alabama. 


BITUMASTIC 


REG, U.S, PAT. OFF, 


PROTECTIVE COATINGS 
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Ictober, 1957 


APPLICATORS 


Hill Hubbell & Co., Div. of General 
Paint Corp. 

Mayes Bros. 

Standard Pipeprotection, Inc. 


ASBESTOS and 
ASBESTOS MATERIALS 


Johns-Manville Sales Corp. 


ASPHALT OR 
ASPHALTUM 


xulf States Asphalt Co. 
Kerr McGee Industries 
[he Tapecoat Company 


CABLE 


inaconda Wire & Cable Co 
Sathodic Protection Service 


CASTINGS 


ALLOY 
Sandusky Foundry & Machine Co. 
ALUMINUM 
{luminum Co. of America 
Kaiser Aluminum Company 
teynolds Aluminum Co. 
IRON 
uriron Company 
LEAD 
St. Joseph Lead Company 
STEEL 
Sandusky Foundry & Machine Co. 
ZINC 
St. Joseph Lead Company 


CATHODIC PROTECTION 


ANODES, ALUMINUM 

Aluminum Company of America 

ANODES, CARBON 

National Carbon Company 

Wholesale Coke Company 

ANODES, GRAPHITE 

National Carbon Company 

Wholesale Coke Company 

ANODES-MAGNESIUM 

Apex Smelting Company 

Cathodic Protection Service 

Corrosion Services Inc. 

Dow Chemical Company 

Federated Metals, Div. of American 
Smelting & Refining Company 

Royston Laboratories, Inc. 

Standard Magnesium Corporation 

Wholesale Coke Company 

ANODES-NICKEL 

International Nickel Company 

er HIGH SILICON 
CAST IRON 

Cathodic Protection Service 

Duriron Company, Inc. 

ANODES-ZINC 

Cathodic Protection Service 

Federated Metals Div. of American 
Smelting & Refining Company 

GROUND BED-BACKFILL 

Cathodic Protection Service 

Wholesale Coke Company 

ELECTRICAL SUPPLIERS 

Cathodic Protection Service 

Erico Products, Inc. 

SHUNTS, COUPLING 

American Steel & Wire, Div. of 
U.S. Steel Corp. 

SPLICER 

Minnesota Mining & 
Manufacturing Co. 

RECTIFIERS 

Cathodic Protection Service 

Corrosion Rectifying Co 

Good-All Electric Mfg. Co., 
Electrical Mechanical Div. 

Wholesale Coke Company 


NACE NEWS 


SAMPLE DRAFT 


is is not intended to be a complete industrial classified directory in the corrosion field. It is a sample of the type directory that might be prepared if enough 
nterest is shown. Companies listed were selected from those who advertised in CORROSION during the period January, 1950 through December, 1956. 


CEMENT 


pre & ALKALI RESISTANT 
I. du Pont de Nemours Co., 

5 Aa.. Industries, Inc. 

U. S. Stoneware Co. 

ASBESTOS & MAGNESIA 

Johns-Manville Sales Corp. 


COATINGS 


ACID & ALKALI RESISTRNT— 
APPLICATORS 
American Chemical Paint Company 
Sline Industrial Painters 
ACID & ALKALI RESISTANT— 
MANUFACTURERS 
American Chemical Paint Company 
Briner Paint Manufacturing Co 
Coast Paint & Lacquer Company 
Cook Paint & Varnish Company 
David E. Long Corporation 
Dearborn Chemical Company 
Inertol Company, Inc. 
International Paint Co., Inc. 
Kerr Chemicals, Inc. 
Metal & Thermit Corporation 
Mobay Chemical Company 
Quelcor, Inc. 
Steelcote Manufacturing Company 
Tnemec Co., Inc. 
Tropical Paint Company 
U. S. Stoneware, Plastics & 
Synthetics Division 
Wilbur & Williams Company 
ALUMINUM 
Tropical Paint Company 
EPOXY TAR 
Carboline Company 
HOT DIP (GALVANIZING) 
American Hot-Dip Galvar:izers 
Association, Inc. 
Nowery J. Smith Company 
METALLIC SPRAYED 
F. W. Gartner Company 
NICKEL-ALLOY 
Niphos Process Sales Corr 
PLASTICS 
Amercoat Corporation 
Bakelite Co., Div. of Union Carbide 
& Carbon Corp. 
Gates Engineering Company 
M. W. Kellogg Co., Chemical 
Mfg. Div. 
Plastic Applicators, Inc. 
Rubber & Plastics Compound 
So., Inc. 
Tropical Paint Company 
Truscon Laboratories 
United Chromium Div., 
Thermit Corp. 
PLASTIC TAPE 
Cathodic Protection Service 
Dresser Manufacturing Div 
The Kendall Co., Polyken Sales Div 
Minnesota, Mining & Mfg. Co 
Plicoflex, Inc. 
Royston Laboratories, Inc 
RUBBER 
Hercules Powder Co., Inc 
Rubber & Plastics Compound 
Co.,Inc 
Tropical Paint Company 
The Wilbur & Williams Company 
ZINC 
American Chemical Paint Company 
Tar Products Div., Koppers 
Co., Inc. 


The Wilbur & Williams Company 


CHEMICAL 
MANUFACTURERS 


Bryton Chemical Division 

Columbia-Southern Chemical Corp 

Diamond Alkali Company 

Mutual Chemical Div., Allied 
Chemical & Dye Corp. 

Solvay Process Div., Allied 
Chemical & Dye Corp. 


Metal & 


COAL TAR PRODUCTS 


Barrett Div., Allied Chemical & 
Dye Corp. 

S. D. Day Company 

Mavor-Kelly Company 

Pittsburgh Coke & Chemical Co. 
Protective Coatings Div. 

Reilly Tar & Chemical Corp. 

Tar Products Div., Koppers Co., Inc 

TAPE 

Mavor-Kelly Company 

The Tapecoat Company 


ENGINEERING SERVICES 


Cathodic Protection Service 
Coreco Inc. 

Corrosion Control Inc. 

Corrosion Rectifying Company 
Corrosion Service Ltd. 

Ebasco Services, Inc. 
Electro-Rustproofiing Corp 
Harco Corporation 

Hinchman Corporation 
Huddleston Engineering Co 
Magna of Texas 

D. Markoff Associates 

Plastic Engineering Sales Co. 
Francis W. Ringer Associates 
Rio Engineering Company 
Servicios Anti-Corrosivos, SA 

A. V. Smith Engineering Company 
South Florida Test Service 
Water Service Laboratories, Inc. 


FABRICATORS 


LEAD 

Federated Metals, Div. of American 
Smelting & Refining Company 

NICKEL 

Haynes Stellite Co., Div. Union 
Carbide & Carbon Corp 

PLASTIC 

Haveg Industries, Inc 

STEEL 

Wickwire Spencer Steel Div., The 
Colorado Fuel & Iron Corp. 

STEEL EQUIPMENT 

Thornhill Craver Company 

TITANIUM 

E. I. du Pont de Nemours Co 


FITTINGS 


GALVANIZED 

Nowery J. Smith 

LEAD 

Federated Metals, Div. of American 
Smelting & Refining Co 

METAL 

Bart Manufacturing Corp 

Aluminum Co. of America 

Ampco Metals, Inc. 

PLASTIC 

Dresser Manufacturing Division 

Haveg Industries, Inc 

Luzerne Rubber Company 

May Company 

Tube Turns Plastics, Inc. 

RUBBER 

The Luzerne Rubber Company 


FLANGES 


METAL 
Ampco Metal, Inc 


PLASTICS 
Tube Turns Plastics, Inc 


HOODS 
METAL 


Aluminum Co. of America 


HOSE 


PLASTIC 

Resistoflex Corp. 

U. S. Stoneware Co 
RUBBER 

U. S. Rubber Company 


INHIBITORS 


American Chemical Paint Co. 

Aquaness Dept., Atlas Powder Co 

Calgon Company 

Cherokee Laboratories, Inc. 

Commercial Solvents Corp. 

Dearborn Chemical Company 

Dowell Inc. 

Geigy Chemical Corp. 

Humble Oil & Refining Co. 

R. S. Norris & Associates 

Solvay Process Div., Allied 
Chemical & Dye Corp. 

Tretolite Company 

Universal Oil Products Co. 

Visco Products Co., Inc. 

Wright Chemical Corp. 


INHIBITOR DUMP BAILER 


Galloway Engineering Company 


INSTRUMENTS 


INDICATING, RECORDING 

Cathodic Protection Service 

M. C. Miller 

TESTING, MEASURING 

Branson Instruments, Inc 

Cathodic Protection Service 

Crest Instrument Co. 

Fisher Research Laboratory, Inc. 

Labline, Inc. 

M. C. Miller 

Petroleum Instrument Co. 

Research Laboratory, Inc 

Stewart Brothers, Div. 0; Instrument 
Laboratories 

Tinker & Rasor 

Wilkinson Products Co. 

LABORATORY 

Crest Instrument Company 

Ebasco Services, Inc. 


M. C. Miller 
LABORATORY SERVICE 


F. H. Maloney Company 
Resin Research Laboratories, Inc. 


LININGS 


BRICK 
LEAD 


St. Joseph Lead Co. 

PLASTIC 

Amercoat Corp 

Coast Paint & Lacquer Co. 

The Glidden Company 

Humble Oil & Refining Co., Tech. 
Service Sales Dept. 

M. W. Kellogg Co., Chem. Mfg. Div. 

Metal & Thermit Corp. 

Plastic Applicators, Inc 

Saran Lined Pipe Co. 

Shell Chemical Corp. 

Technical Service Sales Dept 


Humble Oil & Refining Co 
Tube-Kote, Inc 
Tubular Lining Corp. 
U. S. Stoneware Co. 
RUBBER 
Arco Rubber Processors, Div. of 
Automotive Rubber Co., Inc. 


MASTICS 


The Glidden Co. 
Humble Oil & Refining Co. 
Royston Laboratories, Inc. 


METAL SUPPLIERS 


ALUMINUM 
Federated Metals, Div. of American 
Smelting & Refining Co. 


(Continued on Page 116) 








METAL SUPPLIERS 


(Continued) 


BRASS AND BRONZE 

Federated Metals, Div. of American 
Smelting & Refining Co 

Phelps Dodge Copper Products 
Corp. 

COPPER 

Federated Metals, Div. of American 
Smelting & Refining Co. 

Phelps Dodge Copper Products 
Corp. 

IRON 
Colorado Fuel & Iron Corp. 


LEAD 

Federated Metals, Div. of American 
Smelting & Refining Co 

St. Joseph Lead Co. 


MAGNESIUM 
Standard Magnesium Corporation 


MOLYBDENUM 

Federated Metals, Div. of American 
Smelting & Refining Co 

NICKEL 

The International Nickel Co., Inc. 

Wickwire Spencer Steel Division 
The Colorado Fuel & Iron Corp 


SILICON BRONZE 
Armco Steel Corp 


STAINLESS STEEL 
The International Nicke! Co., Inc 
Lukens Steel Co. 


STEEL 

Lukens Steel Company 

U. S. Steel Corp. 

Wickwire Spencer Steel Div., The 
Colorado Fuel & Iron Corp 


TITANIUM 

E. I. duPont De Nemours & Co., Inc. 

U. S. Industrial Chemicals Co., Div 
National Distillers Prcducts Corp 


ZINC 

Federated Metals, Div. of American 
Smelting & Refining Co. 

St. Joseph Lead Company 

ZIRCONIUM 

Carborundum Metals Co. Div. of 

the Carborundum Co. 

S. Industrial Chemicals Co., Div 

National Distillers Products Corp 


U 


PIPE 


ALUMINUM 

Aluminum Co. of America 
ALUMINUM-BRONZE 
Ampco Metal, Inc. 

BRASS 

American Brass Company 
CAST IRON 

American Cast Iron Pipe Co 
COATINGS 

Plicoflex, Inc 

Saran Lined Pipe Co 
COPPER 

American Brass Company 
FIBRE 

The Fibercast Corp. 


PIPE 


(Continued) 


GALVANIZED 

American Steel & Wire Company 
U. S. Steel Corporation 

HARD RUBBER 

The Luzerne Rubber Co. 


IRON AND SHEET 
American Cast Iron Pipe Co. 


LEAD 

Federated Metals, Div. of American 
Smelting & Refining Co. 

St. Joseph Lead Company 

NICKEL 

The International Nickel Co. 


PLASTIC 

Haveg Industries, Inc 
The Luzerne Rubber Co. 
Tube Turns Plastics, Inc. 


STAINLESS STEEL 

Metals Processing Div. of Curtiss- 
Wright Corp. 

Wickwire Spencer Steel Div., The 
Colorado Fuel & Iron Corp. 

STEEL 

Bart Manufacturing Corp. 

Pipe Line Service Corp. 

TITANIUM 


E. I. du Pont de Nemours & Co., Inc. 


WwooD 

Michigan Pipe Company 
WROUGHT IRON 

A. M. Byers Co. 


PIPE LINE INSULATOR 


Brance-Krachy Co., Inc. 
Cathodic Protection Service 
Dearborn Chemical Co. 

F. H. Maloney Co. 

T. D. Williamson, Inc 


PLASTIC SUPPLIER 


Diamond Alkali Company 
M. W. Kellogg Co., Chemical 
Mfg. Div 


PORCELAIN SPECIALTIES 


U. S. Stoneware Co 


PRIMERS 


American-Marietta Co. 

Carboline Company 

Cook Paint & Varnish Co 

Inertol Co., Inc. 

International Paint Co., Inc. 

Royston Laboratories, Inc. 

Rust-Oleum Corp. 

Rust-Selle Company 

Shawinigan Resins Corp. 

Steelcote Manufacturing Co. 

Tropical Paint Co 

U. S. Stoneware, Plastics and 
Synthetics Div 
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PUMPS 


The Duriron Co., Inc. 

The International Nickel Co. 

The Luzerne Rubber Co. 

Texsteam Corp., Div. of Vapor 
Heating Corp. 


RESINS 


ACRYLIC 
ALKYD 


The Dow Chemical Co. 


CASTINGS 
CELLULOSE 
EPOXY 


Kerr Chemicals, Inc. 
Shell Chemical Corp. 
PHENOLIC 


Bakelite Co., Div. of Union Carbide 
& Carbon Corp. 


POLYETHYLENE 
POLYESTER 


American Cyanamid Co., Plastics 
& Resins Div. 

POLYSTYRENE 

VINYL 

Bakelite Co., Div. of Union Carbide 
& Carbon Corp. 

Shawinigan Resins Corp. 


RUST PREVENTIVES 


Solvay Process Div., Allied 
Chemical & Dye Corp. 


SAND BLAST EQUIPMENT 


Clementina Ltd. 


SPRAY PAINTING 
EQUIPMENT 


The DeVilbiss Co. 
Spee-Flo, Hot Spray Heaters 


STONEWARE 


U.S. Stoneware Co 


STRAINERS 
Thornhill-Craver Co. 


TUBING 


ALUMINUM 

Aluminum Co. of Americe 
BERYLLIUM COPPER 
BRASS, BRONZE & COPPER 
FIBRE 

The Fibercast Corp. 


TUBING 


(Continued) 


GLASS 

GOLD 

NICKEL 
International Nickel Co. 
PAPER 

PLASTIC 

U. S. Stoneware 
PORCELAIN 
RUBBER 

SILVER 
STAINLESS STEEL 
STEEL 

TITANIUM 


VALVES 

HARD FACED 

LEAD 

METAL 

Alloy Steel Products Co. 

Duriron Co., Inc. 

International Nickel Co. 

Texsteam Corp., Div. of Vapor 
Heating Corp. 

PLASTICS 

Haveg Industries, Inc. 

Tube Turns Plastics, Inc. 

HARD RUBBER 

The Luzerne Rubber Company 

TITANIUM 

Pfaudler Company 

ZIRCONIUM 


Carborundum Metals Co., Div. of 
the Carborundum Cor-pany 


YARD COATINGS 


(See Applicators) 


WRAPPERS— 
PIPE LINE COATINGS 


ASBESTOS 

Barrett Div., Allied Chemical & 
Dye Corp. 

The Philip Carey Mfg. Co. 

S. D. Day Company 

Johns-Manville Corp. 

Mavor-Kelly Co. 

Midwestern Pipe Line Products Co. 

Nicolet Industries, Inc. 

Perrault Equipment Co. 

Royston Laboratories, Inc. 

Ruberoid Company 


GLASS 

The Philip Carey Mfg. Co. 
Mavor-Kelly Company 
Midwestern Pipe Line Products Co. 
Perrault Equipment Co. 

Royston Laboratories, Inc. 


Would You Like to Have Your Company Name Listed in a Directory ? 


If you are interested in having your company name listed in a classified directory similar to the one above 


write before December 15 to A. B. Campbell, Executive Secretary, National Association of Corrosion Engineers, 


1061 M & M Bldg., Houston 2, Texas indicating under which classifications (not limited to those printed 


above) you would like to have the name appear. A decision on publishing the directory will be made early 


next year if sufficient interest is shown in the project. 








RESULTS OF YEARS OF LABORATORY RESEARCH 
AND FIELD TESTING ARE NOW AVAILABLE 
TO THE PETROLEUM INDUSTRY 


¢ OUTSTANDING CORROSION INHIBITORS FOR 
CRUDE PETROLEUM FLUIDS 


¢ LONG LASTING EFFECTIVENESS 


¢ EXCEPTIONAL WETTING AND ADSORPTION 
QUALITIES 


¢ FAST POSITIVE FIELD SELECTION TESTS 


¢ NEW FIELD TESTS TO GUIDE INHIBITOR 
SCHEDULES 


CHEROKEE (7) LABORATORIES, Inc, 
_ MANUACTURERS OF TUF-PLUG. SUPER-PLUG. TEM-PLUG. AND CHEROKEE CYCLONE S 
HOME OFFICE AND MANUFACTURING PLANT IN TULSA, OKLAHOMA .j 


Branches: Midland, Beaumont, Corpus Christi, Oklahoma City, New Orleans, Lafayette, La., Casper 
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New Ideas on Pipeline Coatings Aired at Houston 


Cost Data Favor 
Hot Applied Systems, 
Panelist Asserts 


new ways of thinking about 
pipeline coatings—and some unexpected 
information concerning the relative cost 
of alternative coating systems were pre- 
sented at a meeting of Houston Section 
September 10. Interest in the panel dis- 
cussion on underground pipe line coat- 
ings was evidenced by the attendance— 
in excess of 100. Representatives of 
coatings manufacturers and applicators 


Some 


CORROSION 


cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total of over 150 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 
Houston, 4601 Stanford St. 
BRANCH OFFICES 
Tulsa * New Orleans © Corpus Christi * Denver 


e +. 
Cathodic Protection 
SURVEYS * DESIGNS * ENGINEERING 


Pipes Lines © Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems ¢ Barges 


CORROSION RECTIFYING CO. 


5310 ASHBROOK PHONE: MO 7-6659 
P. 0. BOX 19177 HOUSTON, TEXAS 


CORROSION SERVICE LIMITED 
Offers in CANADA 


A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 

_Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


17 Dundonald St., Toronto, Canada 


Corrosion Engineering 


Surveys, Designs and 
Specifications 
Construction Supervision 


EBASCO SERVICES 
INCORPORATED 


RK 6, N.Y 


PORTLAND, ORE 
WASHINGTON, D.'C 


TWO RECTOR ST., NEW Y 


CHICAGO * oy NEw) 
SAN FRANCISCO 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans * Specifications 
Electrolysis Control 
Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 


in the Houston area were present in 
substantial numbers. 

Tabulated data compiled by Lyle 
Sheppard, Shell Pipe Line Corp. based 
on a theoretical 200-mile pipeline indi- 
cated hot applied coal tar and asphalt 
coatings apparently enjoy a price ad- 
vantage over plastic tape systems. Mr. 
Sheppard emphasized the figures were 
based on recent information from con- 
tractors, but did not necessarily repre- 
sent a studied effort to establish rela- 
tive prices of the systems considered. 

Besides Mr. Sheppard, other panel 
members were E. R. Allen, Humble 
Pipe Line Company and W. H. Stewart, 
Sun Pipe Line Co., Beaumont, NACE 
president. O. W. Wade, Transconti- 


nental Gas Pipe Line Co., who acted 
as moderator, also made a substantial 
contribution to the discussion. Mr. 
Stewart injected a note of caution by 
indicating that his 20 years’ experience 
with pipe line coatings did not make it 
possible for him to determine which 
coatings were better than others. 


Adhesion Is Tape’s Problem 
During the presentation by Mr. Shep- 
pard on wrapping tapes, and in his sub- 
sequent remarks answering questions 
from the floor as well as remarks from 
other members of the panel it was con- 
ceded that a principal drawback of 
(Continued on Page 120) 


ENGINEERING DIRECTORY 


© Complete 


CATHODIC PROTECTION 


Systems . . . service for special ap- 
plications; water tanks and pipe 
lines, 


HARCO CORPORATION 
16901 Broadway Cleveland, Ohio 


CORROSION ENGINEERING 


SURVEYS @ DESIGNS @ SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Bidg., Detroit 1, Mich. 


CORROSION ENGINEERING 
Consulting Surveys 
CATHODIC PROTECTION 
Design & Installation 


Plastic Engineering & Sales Corp. 
Box 1037 Ft. Worth, Tex. 
WE 5680 


FRANCIS W. RINGER ASSOCIATES 


© Consulting 
Corrosion 
Engineers 
7 Hampden Ave. MOhawk 4-2863 


NARBERTH (Suburb Phila.) PENN. 


Advertising in this space is an 
inexpensive way fo tell more 
than 7500 paid readers all 
over the world about your 
engineering services. Write 
for rates, 1061 M& M Bidg., 
Houston, Texas. 


[74ni0 


~-} your shield against corrosion 


PROVEN EXPERIENCE 
in Installation, Field Survey, Design 
* RECTIFIER SYSTEMS * GALVANIC ANODES 


YOU CAN RELY ON RIO 
P. 0. Box 6035 BICC 


RPO Era Pan ce OB) 


yet Pb) 


A. V. SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
ON CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Narberth, Pa. 4-3900 


COMPLETE LONG ESTABLISHED 
CORROSION CONTROL 
SERVICE 


VENEZUELA 


Investigations — Reports — Installations 


SERVICIOS ANTI-CORROSIVOS, S.A. 


Apartado 2031 Caracas, Venezuela 


SOUTH FLORIDA TEST SERVICE 


Testing—Inspection—Research— 
Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 


4201 N.W, 7th St. * Miami 34, Florida 


WATER SERVICE LABORATORIES, INC. 


Specialists in 
Water Treatment 


Main Office, 423 W. 126 St., N. Y. 27, N. Y. 
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Wrap shields oil and gas 
pipeline coatings 2 
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J-M Asbestos Wrap provides the 
strong protection a strong coating 
deserves and needs. It offers the 

most effective single protection 
against damage—prolongs the 
working life of the pipeline 
coating. Here’s why: 





Asbestos is an ageless mineral . . . the fibres are strong 
and tough—cannot rot or decay. As used in J-M Wrapr 
the asbestos fibres are felted, then impregnated with a 
cold tar or asphalt saturant to form literally a flexible 
covering of stone. Like the “dillo’s’”’ tough shell that 
shields him so well—the enduring, “stonelike’ J-M 
Asbestos Wrap shields pipeline enamels from earth loads, 
soil stress, and other forces that weaken coatings and 
permit corrosion of the pipeline. 





Johns-Manville Asbestos 
Felt is available in 3 types 
for field application or mill wrapping: 





Invite one of our engineers to show you the results of 
the three-year, extensive test program on “Pipe Line 
Coatings and Wrappers.”’ Write to Johns-Manville, Pipe 
#15 Asbestos Felt—the high-strength, uniform as- Division, 22 East 40th Street, New York 16, N. Y. 
bestos wrap that has given superior protection to 
pipe coatings for more than 30 years—under the 
most severe soil conditions. 

#15 Transhield® —heavyweight asbestos felt with 
parallel glass reinforcement for high tear strength. 
#8 Transhield—standard-weight asbestos felt with 
parallel glass reinforcement—for low-cost protection 
against average soil conditions. 


9/7) Johns-Manville PRODUCTS FOR PIPELINE PROTECTION 


¥ STRONG PROTECTION » PROVEN PERFORMANCE 
RESISTANCE TO SOIL STRESS AND DEFORMATION 
HIGH-SPEED APPLICATION « LONG-TERM INVESTMENT 


SIMPLIFIES CATHODIC PROTECTION SYSTEMS 
REDUCES HAZARD « INCREASES SAFETY 
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Industrial Classified 
Directory Is Published 


Included in this issue of CorR@sION, 
beginning on Page 115 is a sample of a 
proposed Industrial Classified Directory. 
The directory is published to show the 
extent and nature of the indexing ar- 
rangement and to give an example of 
how such a directory will look. 

Publication of such a directory is 
under consideration if sufficient interest 
is shown by companies seeking listings. 
Companies interested in listing their 
names in a proposed directory are in- 
vited to write to A. B. Campbell, Ex- 
ecutive Secretary, National Association 
of Corrosion Engineers, 1061 M & M 
Building, Houston 2, Texas indicating 
under which classifications they would 
like to have their company’s name ap- 
pear. 

Expressions of interest will be ac- 
cepted through December 15, after 
which date a decision will be made as 
to whether or not the directory will be 
offered, charges for listings and circu- 
lation. 


Cleveland Section Meets 
October 15 to Hear Tator 


meets October 15 
at Manger Hotel, Cleveland to hear 
Kenneth Tator, K. Tator Associates, 
coatings consultant. Eight meetings be- 
ginning with a September 17 field trip 
to Sherwin-Williams Company have 
been planned. 


Cleveland Section 





Attend PERMIAN BASIN 
CORROSION TOUR 
October 23, 24 and 25 


COKE 
BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a 
high carbon content and comes in sizes of 
Yg-inch x 0 to 5% x %-inch. In bulk or 
sacks. Prices on other sizes on request. 


National Carbon 
Anodes 
Magnesium Anodes 
Good-All 
Rectifiers 


Wholesale 


Coke Company 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


P. O. Box 94 
MT. OLIVE, ALABAMA 
Ch Or eet aeORIE 


CORROSION 





Other meetings scheduled and tenta- 
tive programs are as follows: 

November 19—L. West, Pipe Line 
Division, Standard Oil Co., Cleveland. 

December 17—Anton deS. Brasunas, 
American Society for Metals. 

January 21—Joint meeting with The 
Electrochemical Society, F. L. LaQue, 
International Nickel Co., Inc. 

February 17—Matthew M. Braidech, 
National Board of Fire Underwriters. 

April 15—J. J. Harwood, U. S. Naval 
Research Laboratory, Washington, D. C. 

May 20—-F. J. Ploederl, Wisconsin 


Protective Coating Co. 


Nine Meetings Set by 
N. O.-Baton Rouge Section 


New Orleans-Baton Rouge Section 
will hold nine meetings September 1957 
through May, 1958. All meetings will 
be held at the Engineers Club, De Soto 
Hotel, New Orleans. 

J. P. Barrett, Pan American Petro- 
leum Corp., Tulsa, Okla. will be the 
featured technical speaker at the Oc- 
tober 28 meeting. Barney Goodman, 
Tube Kote, Inc., Houston was scheduled 
on the September 6 meeting agenda. 

Other meetings will be held as fol- 
lows: 

November 25—Hal 
Kelly Co., Houston. 

Technical programs have not been 
announced for meetings to be held on 
December 30, January 27, February 24, 
March 24, April 28 and May 26. 


Mavor- 


Hynes, 


New Ideas on— 
(Continued From Page 118) 


tapes, insofar as application to under- 
ground piping is concerned, is the prob- 
lem of adhesion. Mr. Sheppard showed 
samples of several types of tapes, in- 
cluding those with integral adhesives 
and those which require separate ap- 
plication of primers. 

Mr. Sheppard said, in connection with 
the problem of adhesion, that holidays 
in tape coatings frequently admitted 
water or other materials to destroy the 
adhesion of a considerable area of tape 
adjacent to the holiday. Cathodic pro- 
tection applied to this pipe in an effort 
to offset the damage from the holiday, 
apparently would be effective only on 
the area represented by the _ holiday, 
while the vastly larger area of lost 
adhesion would be unaffected. This is 
the consequence of the high dielectric 
strength of the tape, he pointed out. 

It was agreed by Mr. Sheppard, and 
concurred in with only minor objections 
from the floor, that a principal use of 
plastic tape coatings was in protecting 
short sections of pipe, or repaired areas. 
In this use it has obvious advantages 
over coatings applied hot, Mr. Allen 
said, in that a repair crew applies a 
coating of known dielectric character- 
istics, with reasonable ease, which is 
flexible enough to cover fittings, bends 
and irregularities. 


Thin Films Have Promise 

\pplication of thin resin films to 
pipelines for underground service is 
relatively recent, as pointed out by Mr. 
\llen, in discussing new developments 
in pipe line coatings. Most interesting 
of these films are the new coal tar- 
epoxy coatings, available on two. or 
three-part systems for catalytic setting. 
In using them, he said, the effect of 
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temperature was paramount. High tem- 
peratures reduce pot life materially, 
while at some low temperatures the 
films may not set at all. 

Significant factors in considering thin 
film resin coatings outlined by Mr. Allen 
were: 

1. High cost is drawback. 

2.Good surface preparation is _ re- 
quired. Multiple passes are required to 
get 25 to 30 mil coats. 

3. Application at pipe mills on a large 


scale may make the materials competi- 


tive with conventional coatings. 

4. Even mill coated pipe has the dis- 
advantage of requiring field protection 
of weld gaps. 

Recent development of a thermoset- 
ting resin for pipe coating which can 
be cured by passing a flame over it was 
reported by Mr. Allen. One advantage, 
he said, was that field joint coating 
could be applied readily. 


Current Asphalts Reported Good 


Mr. Wade, who discussed a_ wide 
variety of coatings, including coal tars, 
tapes, asphalts, concrete, mastic-concrete 
and others was commendatory on the 
merits of currently produced asphalt 
coatings. Asserting that more than 90 
percent of the pipe under his super- 
vision was being coated with asphalt, 
he said the quality has improved ma- 
terially since it was recognized that 
asphalt from some sources was superior 
to that from others. 

Early asphalts frequently showed poor 
performance, he said, although other in- 
stallations in which asphalt was poured 
into a box built around a pipe are still 
in good condition. Economics of asphalt 
coatings is good now and he expressed 
a conviction that their quality was equal 
to coal tar. 

Answering a question from the floor, 
Mr. Wade said a recent 2%4 mile test 
section of pipe coated outside with an 
epoxy-modified coal tar was purposely 
handled as bare pipe in installation to 
see what the results would be. While it 
is too soon to be certain, he said, it is 
possible that the test will show favor- 
able results. Recent improvements in 
the epoxies may make this type of coat- 
ing even more satisfactory, he indicated. 


Weighted Coatings Problem 

In discussing weighted coatings, Mr. 
Wade said he believed Somastic coat- 
ings have given excellent results in sub- 
merged pipe. The recently developed 
Timcoat also seems to have promise 
besides having the advantage of being 
applied as a continuous coating and not 
requiring field joint protection. 

Reinforced concrete coatings applied 
for negative buoyancy, Mr. Sheppard 
said, may have the disadvantage of hav- 
ing cathodic protection current shielded 
by the reinforcing steel. 

Somastic coatings usually require 
more current for effective cathodic pro- 
tection than coal tar, Mr. Sheppard said, 
but noted that the demand was_ uni- 
formly distributed over the pipe area, 
while coatings of higher dielectric 
strength often did not give as good 
distribution. 

Panel members agreed that coatings 
which resulted in a reduction in the 
number of times pipe required handling 
can be expected to show good cost 
characteristics. The fact that taped pipe 
can be lowered into the ditch immedi- 
ately after wrapping was considered to 
be one of the principal assets of this 
type of protective film. 
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BOOK NEWS 


Major Activities in the Atomic Energy 
Programs. 257 pages, 534 x 9 inches, 
paper. 1957. Superintendent of Docu- 
ments, United States Government 
Printing Office, Washington 25, D.C. 
Per copy, $.75. 

The semi-annual report of the Atomic 

Energy Commission to the Congress of 

the United States. 





Index of Technical Articles. 102 pages, 
8% x 11 inches, paper. No. 3, April, 
1957. Iota Services, Ltd., 38 Farring- 
ton St., London E.C.4, Subscription 
price, per 12 monthly issues, 6 
guineas. 

This issue includes a classified list of 

technical articles published during 

March, 1957 in about 500 technical peri- 

odicals in Great Britain, including 10 

daily newspapers. The references con- 

sist of the title, a brief abstract and the 
necessary locator information. 

A well-organized index is published 
both in numerical sequence and in alpha- 
betical order. Abstracts are arranged in 
numerical sequence according to the 
index and are easily located. There is 
an alphabetical author index. 


Uber die Aushartung von Aluminum- 
Kupfer Legierungen. (In German) by 
Von Dr. Harmann Franz. 156 pages, 
6 x 9 inches, cloth. Aluminum-Verlag 
GMBH, Dusseldorf, Germany. Per 
copy, DM20. 

Experimental results are given of exam- 
inations by X-ray, microscopic, mechan- 
ical, electrical and magnetic, calorimetric 
and other means of aluminum-copper 
alloys. Theoretical discussion covers 
thermodynamics and kinetics. 


Passivierende Filme und Deckschichten 
(Anlaufshicten) Mechamismus ihrer- 
Anstehung und Ihre Schutzwirkung 
gegen Korrosion. (In German) Edited 
by H. Fisher, K. Hauffe, W. Wieder- 
holt. 1956. 400 pages, 6 x 9 inches, 
cloth. Springer-Verlag, Reichpietschu- 
fer 20 Berlin, Germany. Per copy, 
DM 43.50. 

Consists of the papers presented by 22 
authors at a discussion on corrosion 
prevention at a session of Deutsches 
Ges. fur Metallkunde, at Frankfurt am 
Main, Oct. 13-14, 1955. The papers per- 
tain to the following topics among 
others, oxidation, radioactive isotopes in 
studying high temperature oxidation, 
molybdenum oxidation, electrical and 
electrochemical aspects of films, mecha- 
nism of electrochemical passivation, 
mechanism of inhibition, experimental 
methods for investigation of metal oxida- 
tion, atmospheric corrosion of metals, 
corrosion of iron by steam, coatings 
from electrolytic polishing. 

References are numerous and com- 
plete. Illustrations, charts and tabulated 
data are given. There is an extensive 
alphabetical subject index and an index 
to authors mentioned in the text. 


Chemistry Research 1956. 86 pages, 
6 x 9Y inches, paper. 1957. Report of 
the Chemistry Research Board with 
the Report of the Director of the 


Chemical Research Laboratory, Dept. 
of Scientific and Industrial Research, 
London. British Information Services, 
45 Rockefeller Plaza, New York 20, 
N.Y. Per copy, 77¢ 
A wide variety of information on the 
work of British governmental agencies 
concerned. Principal interest for corro- 
sion workers is in sections relating to 
metals corrosion where activities in con- 
nection with metals underground and 
exposed to various atmospheric and 
chemical environments are reported. 
Details of other research work are 
given in general terms, including some 
information of high temperature oxida- 
tion, purification of elements and air 
pollution. Interesting information is 
given on the National Collection of In- 
dustrial Bacteria, which seeks to catalog 
non-medical bacteria of industrial im- 
portance. Studies on sulfate-reducing 
bacteria are described including means 
used to control their growth. 
A list of publications and patents is 
included. 


Engineering Properties and Applications 
of Plastics. By Gilbert Ford Kinney. 
7 August 1957. 278 pages, 6 x 9 inches, 
cloth. John Wiley & Sons, Inc., 440 
Fourth Ave. New York 16, N.Y. 
Per Copy, $6.75. 

A comprehensive treatise on the com- 

mon plastic materials of construction. 

Chapters are given on_ polyethylene, 

polyvinyl chloride, polystyrene, acrylics, 


¢ M&M BLDG., 


HOUSTON, TEXAS 
Phone CA 2-2203 


@ 1038 4th St., 
Gretna, La. 
FOrest 1-1861 












other vinyl-types, cellulose, phenolics, 
amino plastics, polyesters, polyamides 
and epoxies, silicones, rubbers. 

An explanation is given of molding 
methods, engineering properties, ther- 
mal properties, optical properties, elec- 
trical properties. Extensive data are 
given on plastics chemistry with dia- 
grams of typical molecules, potential 
energy, polymerization mechanics, aro- 
matic hydrocarbons, acids, esters, anhy- 
drides and _ particle-size distribution. 
Tables of properties of representative 
plastics are given. There is an alpha- 
betical subject index. 


Symposium on Industrial Water and In- 
dustrial Waste Water. 52 pages, 6 x 9 
inches, hard paper cover. ASTM Spec. 
Pub. No. 207. June, 1957. American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. Per 
copy, $2. 

Six papers presented at the Second 

Pacific Area National Meeting, Los 

Angeles, Sept. 20, 1956 under auspices 

of ASTM Committee D-19 on Industrial 

Water. The papers discuss questions 

concerning probable water demand in 

Southern California for all purposes, in- 

cluding industrial; procedural methods 

used in controlling waste water disposal; 
sea water condensation units on ship- 
board producing fresh water, organic 
flocculants in water treatment systems. 

Corrosion aspects of some of the sub- 
jects are considered briefly. 


INDUSTRIAL 
{/ CORROSION 
PREVENTION 
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Does your work concern protective coatings? 


kom carboline 


handy gauge measures wet film 
thickness of protective coatings 


Ordinarily, the final thickness of a protective coating is unknown 
until the coating has cured, or dried. Then it is often discovered 
too late that the film is too thin. The result? An additional coat 
must be applied or the coating fails prematurely. Either way, 
it is costly and inconvenient. 


But now you can avoid such trouble, with this new con- 
tribution to Carboline’s Engineering Approach to corrosion 
protection. This precision-ground gauge allows you to accurately 
measure (.0015” tolerance) wet film thickness during applica- 
tion, determine final dry thickness, and make any necessary 
adjustments immediately. 


If your work concerns protective coatings, request this 
essential gauge (one per request while our supply lasts). There 
is no obligation. 


White Today on Your Company Letterhead 


Manufacturers of 
PHENOLINE, POLYCLAD, 
RUSTBOND PRIMERS 


carboline 
cS O M P A N Y 


327 Thornton Ave., St. Lovis 19, Mo. 


Indian Institute's Technical 
Meeting Is In December 


The Eleventh Annual Technical Ses- 
sion of the Indian Institute of Metals 
will be held in Bombay in December. 
The program includes a symposium on 
rare metals, the fourth series of educa- 
tional lectures on phase transformations 
of steel and the fourth annual metallo- 
graphic contest and exhibition. 

NACE members in India at the time 
are invited to attend. 


Urethane Data Included in 
Plastics Engineers’ Papers 


Some data on urethanes interesting 
to corrosion engineers was included in 
the meeting October 8 of Upper Mid- 
west Section of the Society of Plastics 
Engineers, Inc. held at Minneapolis. 

Two of the papers presented were: 

Recent Advances in Urethane Ma- 
terials, C. H. Wilson, W. L. Riedeman, 
University of Notre Dame. 

Storage Characteristics of Polyurethane 
Resin, Joseph C. Fuono, U. S. Naval 
Powder Factory, Indian Head, Md. 


Epoxy-Amine Systems 
Topic of FPVPC Paper 


Among the numerous papers sched- 
uled for presentation during the October 
30-November 2 meeting of the Federa- 
tion of Paint and Varnish Product on 
Clubs at Bellevue-Stratford Hotel, 
Philadelphia is: 

Solvent-Free Epoxy Amine Systems, 
G. H. Ott, Ciba, Ltd., Basle, Switz. 


CERTIFICATES of 
MEMBERSHIP in 
NACE 


Certificates of membership in the Na- 
tional Association of Corrosion Engineers 
will be issued on request at $2 each, 
remittance in advance, The certificates, 
which measure 5¥%2 x 81% inches, are 
signed by the president and executive 
secretary of the association. 


CERTIFICATES for 
PAST CHAIRMEN 
of REGIONS 

and SECTIONS 


Certificates measuring 9 x 12 inches in 
size, prepared from an engraved plate, 
are available for issuance to regional 
and sectional chairmen, They will be 
supplied on request of the region or 
section at $7.50 each to be paid by the 
region or section, the cost to be classi- 
fied as a non-reimbursable expenditure. 


Address Orders to 


A. B. Campbell, Executive Secretary 


NATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


1061 M & M Bldg., Houston 2, Texas 
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STOP INTERNAL 
PIPE-LINE CORROSION! 


CHANGE THIS 





Corrosion-clogged pipe costs you money in down 
time, frequent scrapings, lost throughput, and dis- 


colored product. 


TO THIS 


This smooth interior surface means improved “C” 


factor, restored throughput. 


with KONTOL 77 
CORROSION INHIBITOR 


Kontol-protected pipe eliminates the need for higher 
pump pressures to maintain throughput, requires 
fewer scrapings and avoids corrosion contamination 
of your products. Kontol 77 meets military specifica- 


tions for use in jet fuels and automotive gasolines. 


SEE WHAT KONTOL 77 DID FOR THIS PIPE LINE 


[tae [far | nt Pa 
4 knife scrapers, 1 brush scraper 
BEFORE 10 knife scrapers, 1’brush scraper 


KONTOL 77 6 knife scrapers 
20 knife scrapers 
26 knife scrapers 
18 knife scrapers 
ee f veavoure company 
December nife scrapers 

KONTOL 77 February 6 knife scrapers } KKONTOL 
February \\ SAINT LOUIS - LOS ANGELES 

WAS USED HERE! (following year) NO SCRAPERS 


FOR ENTIRE YEAR! \ © 
See your Konto! Service Engineer soon! : se ee & 7 e) = r T Ee 
Chemicals and Services for the Petroleum Industry E Cc fe) cw | a + i sf 


A DIVISION OF PETROLITE CORPORATION 
DESALTING ¢ DEMULSIFICATION ¢ CORROSION INHIBITING 


SCALE PREVENTION ¢ FUEL OIL ADDITIVES 
WATER DE-OILING ¢ METAL DEACTIVATION 


KPL-57-28 
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Aluminum 


Aluminum Powder Metallurgy products 
commercially available now in the form 
of extruded shapes, forgings, sheet, foil, 
drawn and extruded tube, impact extru- 
sions, fasteners and wire can withstand 
temperatures up to 900 F, according to 
Aluminum Company of America. They 
consist of unalloyed aluminum powder, 
each flake coated with aluminum oxide, 
which when compacted and worked pro- 
duces a material far stronger and more 
stable than aluminum alloys produced 
by conventional methods. Three alloys 
currently are available. 


Batteries 


Nickel-Cadmium Button Cell batteries 
measuring 13% inch by 3/16-inch for 250 
milliampere hours and the same diam- 
eter and 5/16-inch thick for 500 milli- 
ampere hours of energy are being pro- 
duced by Gulton Industries, Inc., 212 
Durham Ave., Metuchen, N. J. They are 
rechargeable. 


Coatings 


Temploc, pipe insulated by a layer of 
glass fibers and covered by a spirally- 
wound jacket of glass cloth and poly- 
ester resin is made by Temploc, Inc., 
3aldwin Park, Cal. It is designed for 


NEW PRODUCTS 


underground transportation of heated 
liquids, 


No. 42 Deadener, an insulating coating 
that can be applied at temperatures from 
40 to 70 F will give corrosion protection 
and dampen noises from steel surfaces. 
It is a product of Philip Carey Mfg. Co., 
Lockland, Ohio. A descriptive booklet 
is available on request. 


Metals-Ferrous 


Micro-Rold 430, a nickel-free, low car- 
bon, ferritic steel with a 17 percent 
chromium content is described in an 
illustrated 24-page and cover booklet 
available from Washington Steel Corp., 
Washington, Pa. The booklet illustrates 
many uses, give analysis and physical 
properties and lists resistance to numer- 
ous corrosives. 
@ 


Tube-Turn stainless welding elbows, 
tees, reducers and flanges were used in 
fabricating the first sodium cooled, 
graphite-moderated thermal nuclear 
power reactor system for generating 
electricity. The experimental installation, 
being conducted for the Atomic Energy 
Commission by Atomics International, 
includes a 20,000 thermal kw reactor. 
California Edison Company has con- 


tela (obs 
Bey eet atl ay 


structed a 7500 kw steam generating 
plant at the experiment site, Santa Sus- 
ana, Cal. which will use reactor heat to 
power turbines. The installation is the 
prototype of proposed 75,000 kw gen- 
erating plants, one of which is now in 
negotiation with Consumers Public 
Power District of Nebraska. 


Instruments 


Union Carbide Nuclear Company and 
Union Carbide Ore Co. are undertaking 
research with a million-volt van. de 
Graaf accelerator at Sterling Forest, 
N.Y. Properties of various materials 
bombarded by high-energy particles from 
the accelerator are being studied. 
2 


Dental Instruments and supplies, con- 
sisting of plastic boxes, rubber gloves, 
rubber and plastic tubing, abrasive 
wheels, burs and other dental items with 
industrial applications can be obtained 
from Industrial Products Div., Ortho- 
dontic Specialty Laboratory, 1827 Spruce 
St., Philadelphia 3, Pa. A 24-page cata- 
log is available. 
& 


University of Arkansas soon will receive 
the first commercial Cockroff-Walton 


(Continued on Page 126) 


TEXSTEAM SERIES SAC-4000 
Power-Driven INJECTORS 


Here is a complete new series of pumps, designed to give 
greatest accuracy and economy in chemical injection. Check 


these features: 


@ Handle all classes of chemicals, aqueous solutions, liquid 


lubricants and liquefied gases. 


Piston stroke is infinitely variable between zero and full 
stroke —- direct-reading scale shows exact stroke length. 


Dual 


injector heads (optional) provide greater volume or 
permit injection of dis-similar additives. 


Worm gear drive — operates in sealed oil bath. 


External stuffing box is easily adjusted — gives immediate 


indication of 
gear case. 


leakage — prevents entry of additive 


into 


Powered by electric motor, gasoline engine or any other 


rotating power source. 


Available in a wide selection of materials. 


Volumes to 80 gallons per day. 


Ee 


320 HUGHES ST. 


P.O.BOX 9127, HOUSTON 


11, TEXAS 


Model SAC-4001 Injector. 
Piston size, V4”; maximum 
volume, 10 gallons per day; 
maximum pressure, 1200 psi. 
For full information on this 
and other models, write for 
Bulletin No. PI-572. 


* PHONE WA 6-8853 
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Paint protection against rapid 


corrosion inside your pipelines! 


In-place coating with Humble’s epoxy internal pipe coatings 
gives you proven protection against rapid corrosion in sour crude oil, salt 
water and natural gas lines. These durable coatings can be applied in a 
single application to pipelines in the ground. In addition to giving lasting 
resistance to sour crudes and brine, Humble epoxy internal pipe coatings 
give a smooth, glossy finish that cuts down paraffin deposition. 

Humble internal pipe coatings are also available in vinyl and 
phenolic formulations. 

For more information on Humble’s complete line of protective 
coatings, see your nearest Humble wholesale plant in Texas and New 


Mexico, or write or phone: 


HUMBLE OIL & REFINING COMPANY 


Technical Service 

Sales Department 

Humble Oil & Refining Company 
P. 0. Box 2180 

Houston 1, Texas 
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(Continued From Page 124) 


Accelerator made in the United States 
by Applied Radiation Corp., Walnut 
Creek, Cal. The 350,000-volt electron 
volt machine will accelerate a 400 micro- 
ampere beam of positive ions to generate 
neutrons of various energies for nuclear 
physics and chemistry research. Up to 
a hundred billion neutrons per second 
can be produced. It was given the uni- 
versity by AEC. 
i 6 


Sonizon SO-200 portable ultrasonic 
thickness testers can determine metal 
thickness from one side with an accuracy 
of plus or minus 3 percent on _ thick- 


Sag 


W SON INSULATORS 


One of a Series 


tyre “BT” insutator 
ILLUSTRATED 


$51 867 


7, 
a 


THIS IS ONE OF THE 
WMSON ENGINEERED 
INSULATOR DESIGNS. == 
THERE IS A DESIGN “#44 
BEST SUITED FOR OS 
YOUR PIPELINE. 


Write for literature 


nesses between .027-inch and 4 inches. 
The battery-operated machine is avail- 
able from Magnaflux Corp., 7300 West 
Lawrence Ave., Chicago 31, IIl. 


Plastics 


Resistoflex Corp., Roseland, N. J. is 
making fluorocarbon laboratory beakers 
in 250,500 and 1000 cc sizes. They are 
non-porous and have low interfacial ten- 
sion, reducing cleaning time. 


Welding 


EB Weld Inserts, manufactured by 
Arcos Corp., Philadelphia, permit weld- 
ing from one side only such vessels as 
air tanks capable of withstanding air 
pressures of 3000 psi. The inserts are 
fused with automatic inert gas shielded 
tungsten arc equipment. 


Lay 


FOR CASED CROSSINGS 


NO METAL TOUCHES 
PIPE OR CASING 


@ INSULATING RUNNERS 
@ HIGH TENSILE STEEL BAND 
@ THICK INSULATING LINER 


@ ANCHORED BY INSULATED 
CABLES 


SIZES: 4” to 36” 


U b. Williannzomlinc. 


BOX 4038 TULSA 9, OKLAHOMA 


eB tht FOUSTON * AMARILLO * PITTSBURGH * PLAINFIELD, 
N.J. * JOLIET, ILL. * JACKSON, MICH. * LOS ANGELES * SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA ¢ SEATTLE © SALT LAKE CITY * EDMONTON 
TORONTO * WINNIPEG * VANCOUVER * BUENOS AIRES * CABIMAS, ZULIA, 
VENEZUELA * DURBAN, NATAL, S. AFRICA * PARIS, FRANCE * SIDNEY, AUST 
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Harry S. Ritterson is now sales engi 
neer for Gates Engineering and Dela 
ware Valley Steel Works, a Gates suk 
sidiary. 

° 
Harold Hessing has rejoined the chem 
ical metallurgy section and August E. 
Dauses of the Shops Division has bee 
awarded the Department of Commerc 
Silver Medal for Meritorious Service a 
the National Bureau of Standards 
Washington. 

2 
Oscar T. Markze has been appointe: 
vice-president, fundamental researcl 
United States Steel Corp. He was for 
merly director of research, U. S. Nava 
Research Laboratory. 

€ 
Ralph S. Jessup, an authority on heat 
standards at the National Bureau of 
Standards has been awarded the Depart- 
ment of Commerce Gold Medal for 
Exceptional Service, recognizing his 
work in the bureau over 40 years. 

® 
Leason H. Adams, formerly a director 
of the Geophysical Laboratory at Car- 
negie Institution, Washington has been 
appointed a consultant to the director 
of the National Bureau of Standards 
on high pressure measurements and 
standards. 


K. G. Compton and A. Mendizza, Bell 
Telephone Laboratories, Murray Hill, 
N. J. have been awarded the Sam Tour 
Award by ASTM for their paper ‘“Gal- 
vanic Couple Studies by Means of the 
Threaded Bolt and Nut Wire Test.” 


Robert E. Galer, retired brigadier gen- 
eral of the United States Marine Corps 
has joined Temco Aviation Corp. as 
manager of engineering programs. He 
formerly was director of the Guided 
Missiles Division of the Navy Bureau 
of Aeronautics. 

e 
E. G. Bailey, formerly president of the 
American Society of Mechanical Engi- 
neers will be honored with a life mem- 
bership in recognition of his long 
service to the society and work in en- 
gineering education. 

@ 
Kempton H. Roll has been appointed 
full time executive secretary and treas- 
urer of the Metal Powder Association. 

: * 


Morton M. Jenkins, formerly chief 
metallurgist for Pittsburgh Forgings 
Company has been named Steel Sales 
Metallurgist for A. M. Byers Co. in 
connection with the firm’s expanded 
activity in the stainless and specialty 
steel business. 

8 
Charles H. Topping, senior architectural 
and civil consultant for E. I. du Pont de 
Nemours & Co. Inc. has been elected 
president of the Building Research In- 
stitute. 

e 
Basil T. Lanphier, NACE member has 
been named manager of research for 
Carpenter Steel Co., Reading, Pa. How- 
ard O. Beaver, has been made produc- 
tion metallurgist in charge of melting 
and hot working. 


(Continued on Page 128) 
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News abot” 


COATINGS ‘for MEVALS 


Metallic 


Protective 


AMAA 


Phenolic linings improved for tank use 


Unichrome Series B-124 Linings give reliable 


Reports show 
Unichrome Plastisols 
give record service 


Unichrome Plastisols, which produce 
thick vinyl coatings, are withstand- 
ing conditions that rapidly deterio- 
rate unprotected metals or other 
materials. To illustrate: 


Plastisol coated ducts exhausting 
strong acid fumes show no deteviora- 
tion after 4 years. 


After 6 months service, plastisol 
coated agitators for chemical mixers 
show absolutely no wear. Rubber 
coatings, used previously, started to 
fail after only one month. 


Plastisol coating on a 5-ft. bubble 
tray at bottom of a 60-ft. scrubbing 
tower has been withstanding acid 
fumes and caustic solutions for over 
2 years now. 


A report shows Unichrome 
Plastisol Coating on racks withstood 
6 years of daily use in corrosive plat- 
ing and cleaning solutions. 


APPLICATION NO PROBLEM 


Unichrome “Super 5300” Coating 
spray-applies seamless films as thick 
as sheet linings. It delivers up to 60 
mils per coat. “Series 4000” Plastisols 
apply by dipping, slushing, troweling 
or other convenient means. Send for 
Bulletin VP-2 or name of the nearest 
applicator of Unichrome Plastisols. 


Unichrome is a trademark of Metal & Thermit Corp. 


METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh ¢ Atlanta ¢ Detroit 
East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 


protection — are now being applied by specialists 


Ingenuity! Lithcote Corp., a prominent applicator of Unichrome Phenolic Coatings, has adapted a former 
railroad roundhouse to line tank cars. Cars are sprayed, switched to the baking facilities, and can then 


be sent rolling back to the customer in short order. 


Phenolic-type coatings, the ac- 
knowledged “workhorse” for 
tank lining applications, have a 
long and successful record in cor- 
rosive service. They’ll be speci- 
fied even more now that two 
problems have been overcome by 
Metal & Thermit. 

(1) Unichrome Phenolic Coat- 
ings have been developed that 
assure more uniform linings, 
greater impact resistance, and 
improved protection. (2) Experi- 
enced, independent applicators 
across the country now make it 
possible to ship large equipment 
to the nearest specialist, get fast 
service, save on transportation. 


UNIQUE PHENOLIC COATINGS 


Several pigmented materials in 
the Unichrome B-124 Coatings 
group give 2-mil thicknesses per 


dry coat. This is twice that of 
ordinary phenolic coatings. Few- 
er coats are needed. Clear coat- 
ings in the group bake into a 
hard, smooth film for an easy- 
to-clean top coat. 


BUILT-IN CONTROL 
Unichrome Coating B-124-17 is a 
widely specified phenolic formu- 
lation that is gray when wet, 
olive drab when fully cured. This 
cure-control offers reliable visual 
inspection of a job well done. It 
is valuable for avoiding undercur- 
ing in large tanks and tank cars 
due to uneven heat application. 

Details on these Unichrome 
Linings are given in Bulletin 
Chem-C-2. Contact Metal & 
Thermit also for names of near- 
est applicators of Unichrome Se- 
ries B-124 Linings. 
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Paint guards steel building 


against corrosive fumes 


With RUSTARMOR® system —a rugged 
Inertol® long-oil alkyd resin enamel 
and primer—the exterior of an all- 
steel fertilizer mixing plant has been 
shielded against metal-corroding acid 
fumes. Thanks to RUSTARMOR, this plant 
—operated by Lincoln Service & Sup- 
ply Co., Grand Island, Nebraska — has 
for four years enjoyed maximum protec- 
tion with no upkeep expense. 


The RUSTARMOR system is especially 
designed to protect exposed metal sur- 
faces against rust, corrosion and all 
atmospheric conditions. It’s tough and 
long-lasting. And RUSTARMOR never 
turns sticky, because it’s hygroscopi- 
cally controlled. Available in dozens of 
glossy weather- and fade-resistant 
colors that protect your plant and keep 
it attractive for long, low-cost years. 


For more facts, get informative bulletin and color card C560. Simply write 
your name, title, firm name, address in margin of this page and mail. 


Inertol, a complete line of quality coatings 


& INERTOL CO., INC. 


477 secon Avenue, Newark 12, New Jersey ® 27A South Park, San Francisco 7, California 


TADE COAT re 


is Your Guarantee of 


be abhtbe &- MAINTENANCE 


For Pipe, 
Pipe Joints, 
| Fittings, Couplings, 
Tanks, Tie Rods 
and Conduit 


To reduce maintenance costs, get the best possible 


protection at the lowest possible cost. 


Since 1941, 


TAPECOAT has proved its superiority in combat- 


ing corrosion. 


This quality coal tar coating in 


handy tape form is self-bonding— simple to apply 
with the use of a torch. Requires no trained help. 
Cuts maintenance and replacement costs. Comes in 


rolls of 2”, 3", 4”, 6", 
able in asphalt. 


18” and 24” widths. Also avail- 


Write for brochure and prices 


V7 Nd okey aati 
Originators of Coal Tar Coating in Tape Form 


1521 Lyons Street, Evanston, Illinois (a = 2 
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(Continued From Page 126) 


Albert P. Spooner, chief metallurgica 
engineer of the Steel Division of Bethle 
hem Steel Company and Nevil Green 
well, assistant to the manager of re 
search of the company have retired. Mr 
Spooner began working for the com 
pany in 1915 and Mr. Greenwell in 1913 


Ralph R. Calaceto has been made man 

ager and sales engineer of the Process 

Equipment Division of Automotive Rub 

ber Co., Inc., New York City office. 
® 


Irving Langmuir, world renowned sci 
entist and Nobel prize winner, who was 
on the staff of the General Electric Re 
search Laboratory from 1909 until 
1950 died August 16 from a coronary 
thrombosis. 

® 


Charles P. Siess, Jr. has been named 
assistant general sales manager of Tret- 
olite (Company. He has had over four 
years’ experience with corrosion prob- 
lems in Arkansas, North Louisiana, 
Mississippi and East Texas as well as 
at Maracaibo and Trinidad. 
9 

Ralph J. Rice is new sales representa- 
tive of Plastic Applicators in its Lafa- 
yette, La. office. He has had previous 
experience in corrosion control with a 
leading oil company and with Tretolite 
Company. 


DUAL 
ELECTROLYSIS 
VOLTMETER 
Model G 


Double Meter for simultaneous readings. Zero Center 
. .. no lead changing for fluctuating polarity. 


VOLTMETER, 50,000 ohms per volt, .3 to 300 volts 


in seven ranges. 
MILLIVOLTMETER, a a ad Millivoit range... 


2.5 to 500 mv in 6 ra 
Oak Case, 9” x10"x4Y;" _ wt. 6 pounds, 


GTEWART BROTHER§ 


Division of Instrument Laboratories 


Chicago 10, Illinois 
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TECHNICAL TOPICS 





Capitalized Coating Costs Method Economical 
For Southeastern Pulp and Paper Mill Steel” 


N 1949, a personal survey of twelve 

pulp and paper plants in Florida, 
Georgia and South Carolina indicated 
that between $200,000 and $250,000 a 
year was being spent per 300-ton-per- 
day plant on paint programs, material, 
labor and overhead. Two plants, built 
ibout that time, each used about 2000 
tons of coated steel. This included struc- 
tural shapes, plate, fabricated tanks, 
zrating and the like. At the yearly cost 
ound, a maintenance charge of 40-50 
‘ents per square foot per year was being 
paid. 

In 1949 paint programs were based on 
Northern experience, on the diligence 
f paint salesmen and on the individual 
nitiative of plant paint foremen who 
vere being worked to death in an at- 
empt to stay ahead of corroding plant. 
High painting costs were accepted as a 
iecessary evil and little effort was ex- 
vended in trying to cut costs. Not until 
t was realized that conditions in the 
Southeast differed very radically from 
those in the North was progress made 
in mitigating corrosion and decreasing 
yearly maintenance costs. 

Environments in the Southeast tend 
to show much higher corrosion rates 
than in sections of the country consider- 
ably to the north. Sustained humidities 
are much higher, ultra-violet ray expo- 
sure is more intense and high atmos- 
pheric temperatures of greater duration. 
Summer and autumn thunderstorms and 
their attendant heavy charges of light- 
ning probably fix more nitrogen from 
the air and bring down enough nitric 
acid to weigh definitely in the corrosion 
balance. After the relatively greater 
severity of Southeast corrosion problems 
was recognized, it was possible to make 
great strides in mitigating corrosion and 
reducing the unit cost of plant mainte- 
nance. Some of these advances are: 


Synthetics Prove Helpful 

Synthetic-resin based materials have 
proved sufficiently resistant to weather 
and chemicals involved in processes to 
permit their useful life to be computed 
in terms of years rather than months. 
Establishing this fact had far reaching 
consequences all of which have not been 
fully evaluated. Most important result 
was a radical change in the attitude of 
plant painters who, up until this time, 
had been decorators-without-hope, ma- 
chines for conveying color from a 
bucket to a surface on which it did not 
last from one shutdown to the next. 
Concurrent with acceptance of the new 
synthetics, pride of workmanship 
%* A paper presented under the title ‘Corro- 


sion Protection of Pulp and Paper Mill 
Steel in the Southeastern United States by 


Capital and/or Maintenance Dollars,” by 
Henry T. Rudolf, Atlantic Coating Co., 
Inc., Jacksonville, Fla. at a meeting of 


Southeastern Region, National Association 
of Corrosion Engineers, Charlotte, N. C., 
November 8-9, 1956, 


Abstract 

A comparison is made between cap- } 
italizing coating costs for pulp and 
paper mills in the Southeastern part 
of the United States by sandblasting 
and pre-coating structural steel before 
erection with selected resin materials 
and the more common method of 
coating steel after erection and charg- 
ing substantial recoating costs as a 
maintenance item. Savings in 10 
years by using the capitalized cost 
method average $117,345 per 1000 
tons after tax deductions, 

A new standard of sandblasting is 
proposed which results in leaving ad- 
herent patches of scale not over 
l-inch square and an over-all key 
pattern on the surface. 1.2.2 


emerged, paint people generally sought 
knowledge about the products and meth- 
ods of applying them and some of the 
better qualities of the synthetics them- 
selves were strengthened by simple 
pride of the workman in his work 

As painter’s tools improved, more ma- 
terial could be applied to greater areas 
in less time and with less effort. Roller 
coating, paint heating and pressure-fed 
brushes became accepted tools of the 
trade. 


Surface Preparation Acceptance Gains 

A long step toward lower costs came 
with the general acceptance of the fact 
that the day of miracles was over and 
there was no substitute for adequate 
preparation of surfaces, 

Sandblasting is just now being ac- 
cepted as the best and most effective 
method of surface preparation. Recog- 
nition is dawning that sandblasting is an 
art in itself, with highly developed 
techniques involving details such as ma- 
chine sizes and types, nozzle diameters 
and shapes, hose diameters and shapes, 
blasting pressures and sand grain sizes 
and permissible variations. Incorrect 
sand sizing alone can increase the vol- 
ume of coating used by an unnecessary 
10-15%. Correct nozzle diameters and 
interior profiles will increase work rates 
from 50 to 100 percent. 

Concurrently with new coating tech- 
niques changes were made in structural 
design to make corrosion control easier 
by substituting for corrosion-prone con- 
structions those relatively resistant, by 
substitution of members whose surface 
exposed to corrosion was considerably 
less, inclusion of drains in blind, upward- 
facing pockets and seal-welding to pre- 
vent corrosion in areas inaccessible to 
cleaning and surface preparation. 


Opinions on Economics Vary 

A difference of opinion still exists 
among executive heads of pulp and 
paper mills as to whether it is less 
costly to do a first class protection job 
on an original installation and capitalize 
it, or do a decorating job on capital 
charge and later do a proper protection 
job with maintenance dollars as an ex- 
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pense item. This difference of opinion 
is elaborated at some length in this 
article. 

Considerations of total money avail- 
able for capital expenditure, of course, 
will influence decisions. However, given 
sufficient capital, to properly protect 
structure from the beginning is much 
less costly procedure than trying to do 
so after operation has begun, whether 
the cost of maintenance painting is con- 
sidered an expense item or not. 


Two Methods Are Compared 


Comparing total costs of two meth- 
ods of protecting a pulp and paper plant 
on a 10-year basis: 

1. By shop priming all steel and re- 
coating after erection with two coats of 
average good paint, to a total thickness 
of 2 mils. Or 

2. By blast cleaning all incoming steel 
before erection, on site, under owner 
supervision and applying two or three 
coats of good synthetic coating to a 
thickness of 5 to 10 mils, depending on 
the corrosive nature in the area into 
which the steel is to go and the shape 
of the structure to be coated. 


Details of First Method 

Shop prime work by structural fabri- 
cators is notably of poor quality and 
shows little sign of improving. Fabri- 
cator’s priming space is limited, speed in 
moving steel to cars is vital and nothing 
but nuisance value is assigned to effec- 
tiveness of this prime coat. In other 
words it is not the fabricator’s problem. 

The sequence of performance under 
Method 1 is approximately as follows: 

1.Shop primed steel arrives on site 
and is erected. A contract painter gen- 
erally is employed to apply the two 
coats of coating after erection. It often 
happens production executives are urg- 
ing the paint contractor to clear the 
decks so operation of the plant can 
begin. The general result is that three 
coats of material are applied over an 
almost wholly unprepared _ surface. 
Sometimes the second and third coats 
will have been scamped either with too 
much thinner or with too little time to 
do a good job. The net result is that 
the plant is decorated with a color 
scheme approved by the company’s di- 
rectors, the contract painter can leave 
the site and what is considered most 
important, “Production” can get on with 
the job. 

In three months plant fumes will have 
attacked the paint film on all weather- 
exposed steel and inside the plant, par- 
ticularly in recovery, stock-washer and 
digester buildings, rust will be popping 
at welds and rivets, beam, channel and 
angle edges, pipe railings, steel gratings, 
etc. If within these three months Pro- 
duction has been able to solve primary 
problems and the plant is operating 

(Continued on Page 130) 











































































































































Capitalized Coating— 
(Continued From Page 129) 


close to capacity, attention then is 
turned to improving the appearance of 
the place and protecting it from further 
damage 

So far capital cost has been from 
three-quarters to two cents per square 
foot for shop priming and from six to 
eight cents per square foot, per coat, 
for the two cover coats, an average of 
14.875¢ per square foot or about $37.18 
per ton of coated steel. 

Coating and corrosion control people 
are called in at this point to see what 
can be done and how much it will cost. 
The consensus may consist of a recom- 
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cess equipment such as_ scaffolding, 
bosun chairs, walk-boards, ladders etc., 
plus high cost in time per unit area so 
cleaned. 
srush-blasting a polluted surface, if 
feasible, is faster, cheaper and more 
effective as surface preparation than any 
form of hand cleaning. A combination 
ot commercial-blast on rusty areas and 
brush-blast on coated areas approxi- 
mates in expense the cost of good hand 
cleaning but is less effective as surface 
preparation. So, for the purposes of this 
article consider the cost of sandblasting 
and good hand cleaning equal, although 
in practice good hand cleaning probably 
will be somewhat more expensive. 
No reputable contractor or coatings 
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This costs $87.50 per ton on 20 percent 
of surface, $60.00 per ton on 32 percent 
of surface and $25.00 per ton on the 
remaining 48 percent of surface. 

At the end of four years then, eaci 
ton of steel has cost $37.18 in capita, 
and $70.00 plus $17.50 plus $19.20 plus 
$12.00 in maintenance funds. Projectin z 
to ten years, it is not unreasonable t»> 
suppose that another $150 will be spert 
per ton from maintenance funds to prc- 
tect the steel and maintenance appear- 
ance. Total cost at the end of ten years 
in capital and maintenance is $305.88 per 
ton of steel. 

In actual practice this figure is ai- 
fected by other considerations. If the 
plant hires a paint crew of sufficient size 


mendation that five mils of any good manufacturer will guarantee the life of to keep up with current corrosion an:l 
protective coating should be applied over Cating applied under these surface cover large critical areas during shut- 
adequately prepared surfaces at a cost preparation conditions. Mill scale is lia- | down periods, through overhead, fring : 
estimated at 30 to 40 cents per square ble to come free at any time, taking benefits and other charges this will cos: 
foot or $87.50 per ton. sheets of coating with it. Further, mill about 15 percent more than the same 

chemicals have soaked into the steel work done by a painting contractor 


Problems With Surfaces Arise 

It appears that adequate surface prep- 
aration includes sandblasting and _ this 
cannot be done in operating plant for 
obvious reasons, Equally obvious is the 
fact that the plant cannot shut down so 
the job can be done, nor will any future 
shutdown be of sufficient duration to 
permit it. The compromise then speci- 
fies all surfaces be thoroughly cleaned 
either by hand or power wire brushing 
followed by an inhibitive primer with 
special anchoring qualities; or, disc 
sanding of the surfaces followed by the 
same special primer. 


Hand Cleaning is Tedious 

To do a complete, thorough and con- 
scientious job of hand surface cleaning 
on polluted surfaces in an operating 
nel, and paper mill is the meanest of 
mean jobs for an applicator because 
— foot of surface to be coated must 
be cleaned, with consequent cost of ac- 


METHOD ONE 


through areas of broken coating and 
these chemicals will react with vapor 
seeping through the new coating and 
drive it from the steel surface with cor- 
rosion products from beneath. 


Maintenance Costs Mount 

On the basis of experience it is rea- 
sonable to presume a good coating so 
applied might last from one to four 
years and it is also presumed that some 
80 percent of the original coating would 
require refinishing. Taking the long esti- 
mate of four years life, every ton of 
steel so far has cost $37.18 originally 
plus 80 percent of $87.50 or $70.00 for 
corrosion protection. However the end 
is not in sight, because at the end of 
four years the remaining 20 percent of 
the original coating will require recoat- 
ing at $87.50 and some 40 percent of 
the 80 percent first recoat will require 
a touchup. The remainder of the surface 
will receive one coat for appearance. 





Furthermore the capital cost must be 
amortized or written off in 20 years. 


In ten years half the original capitai 
charge of $37.18 ($18.59) must be sub- 
tracted from the total per ton cost and 
6 percent interest on capital borrowed 
must be added. This brings to $305.88 
the original capital cost and contract 
maintenance, minus half the original 
capital cost for write off, plus 15 percent 
of the contract maintenance cost as well 
(15% of $118.70) or $17.81, plus 10 years 
interest on borrowed capital, a gross 
figure of $327.40 per ton of steel. 


Second Maintenance Method Described 


Contrast the preceding with that of 
another way to do the work. 

Deliver all steel to site without shop 
coat, sandblast all surfaces to be coated 
and apply on the ground the specified 
number of coats of material required in 

(Continued on Page 132) 





TABLE 1—Tabulation of Capital and Maintenance Coating Costs Per Ton of Steel 


METHOD TWO 








































































Total 
During Expense 
During During 4th Thru End of End End Total 
Ist 4th 10th 10th of 6 of 10 Expense in 
ITEM Original Year Year Year Year ITEM Original Years Years 10 Years 
Shop-coat plus 2 spray coats to 2 (1) Method 2. Blast and (1) 
mils ; 37.18 37.18 coat on ground to 5 
mils rs 





Complete clean and recoat with 
good Synthetic to 5 mils 80% 
of surface 87.50 x .80 





Complete clean and recoat with 
good Synthetic to 5 mils 20% 
of surface 87.50 x .20 


Retouch 40% of 
60.00 T 


(2) surface @ 4) 








Single coat on 48% of surface @ 5) 
25.00 per ton 25.00 x .48 





General coating maintenace 
estimated 





15° increase of expense due 
employment of plant painters 
2) + (3) + (4) + (5) x .15 





~I 


Write-off of 10 years of capital 


6% interest on $37.18 for 10 years (8) 


Total cost of capital and main- 
tenance. . os ; : 37.18 


Cost per square foot, per year 





70.00 


70.00 


@ 22.50 ton.. 
70.00 


Credit 2 unexpired 


Single spray color coat 





22.50 22.50 





vears of 6 year life, 


17.50 17.50 





covercoat 20.00 x 4 


Spot clean and recoat to |(4) 


19.20 19.20 


63.13/T 


5 mils, 5% of total @ 





15% increase of cost for | (5) 


12.00 12.00 


(3) + (4) x. 





150.00 150.00 coat 







17.81 


Write-off of 10 years 
expense (period of 20 years) capital expense 
Lx 5 18.59 period of 20 years) 
(1) (6) x .6 


22.30 6% interest on $ 


tor 10 years 


Total cost, ‘capital and | 


48.70 150.00 327.40 maintenance. . 


0.131 
per year.. 


Cost per square foot 





plant painters (2) + 
15.. 







2.69 2.69 









Credit for lack of a (6) 











28.32 28.32 








56.63 (8) 


33.98 





56.63 25.66 23.30 82 2.93 





0.03317 
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Carbon—.018%; Manganese 


. 


other Wrought Iron case against corrosion 


Longitudinal photomicrograph S-64-2 (100x) oy te 

shows a typical area—parallel to rolling—of gaya) 
the microstructure observed in the subject 
5-inch wrought iron pipe. 





YEARS OF SERVICE 


Metallurgical Report 6628—Underground Oil Line’ 


This report deals with the metallurgical examina- 
tion of a length of 5-inch wrought iron pipe, submit- 
ted to our laboratory for investigation and comment. 

The sample submitted has been in service 58 


| years, yet found to be in excellent condition. Note 


that the scale is tightly adherent to the surface of 
the pipe. 

ROCKWELL HARDNESS 

A cross-sectional ring was prepared for hardness 
determination. Hardness values taken around the 


cross-sectional ring indicated a B66 hardness typical 
for wrought iron pipe and showed that the strength 


| and ductility were likewise normal. 


CHEMICAL ANALYSIS 

.040%; Phosphorus 
-.236%; Sulphur—.019%; Silicon—.186%; Iron 

Silicate—3.54%. 


WROUGHT RON 





SUMMARY 

Results of the laboratory examination serve as posi- 
tive identification of the subject sample as wrought 
iron. The excellent state of preservation of this 
sample after more than a half-century of service is 
indicative of wrought iron’s longevity in corrosive 
service. A. M. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


*Name of actual installation given on request. 


Write for free cloth-bound book, Wrought Iron: 
Its Manufacture, Characteristics and Applications. 


BYE Fes 
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Capitalized Coating— 
(Continued From Page 130) 


different plant locations before erecting 
the steel. 

White or gray blast specifies the com- 
plete removal of all material foreign to 
a steel surface, including stain left be- 
hind removed mill scale. With a 3-inch 
cylindrical-inner-profile blasting nozzle, 
silica sand in excess of 90 percent SiOz, 
sand grain size from 20 to 30 mesh, or 
closer 24 to 30, air pressure 90-100 psi 
at the blasting nozzle, on new plate 
steel waist-high to solid footing for the 
nozzle operator, a blasting rate of 90-100 
square feet per hour can be achieved at 
a cost of 17-20¢ per square foot. 

Commercial blasting specifies the 
complete removal of all mill scale, rust 
and rust scale, but does not remove ad- 
hesive mill scale or stain. Under the 
same conditions limiting white blast 
above, commercial blasting will show a 
blasting rate from 400-450 square feet 
per hour at a cost from 9-12¢ per square 
toot. 

Brush blasting 
material in the way of 
rust, does not remove adhered mill 
scale, remove old paint and does 
not pock the whole surface as a mechan- 
ical anchor for coating. An approximate 
blasting rate under the same _ limiting 
conditions as above should be between 
1100-1300 square feet per hour at a cost 
from 3-5¢ per square foot. 


removes only loose 


mill scale and 


does 


Of the specifications above only white 
blast is acceptable for a coating to be 
immersed; commercial blast is widely 
accepted for non-immersed or weather 
exposed coating: brush blast is not 
strictly acceptable for either type of 
synthetic coating exposure because the 
risk of coating destruction from beneath 
is very high if mill scale in any area 
larger than a few square inches comes 
free from the mother material. 


New Sandblasting Specification 

\ type of sandblasting called anchor 
blasting specifies removal of all rust and 
rust scale, old paint and other foreign 
material and leaves behind no mill scale 
larger than one square inch. To obtain 
this small residual scale area, loose scale 
will be driven off the surface and the 
small pieces of scale left inevitably will 
be pocked to anchor depth by edges of 
the blast pattern in cutting to small 
dimensions, 

The purpose of this type of blasting is 
twofold: 

The blasting rate is high, 600-800 
square feet per hour and the cost is low, 
5-6¢ per sutnte foot, so the economy 
is obvious. 


2.A good anchor for 
cured without removing all mill scale 
and without the risk that a piece of 
scale coming free will break the coating. 
\ piece of mill scale one foot square 
coming free will break the coating. A 
piece of mill scale 1 inch square coming 
free, is insufficient in weight or volume 
to break a 5-mil synthetic coating. 

Cost of anchor blasting is 6¢ per 
square foot on the ground. The cost of 
a coating material (if no bleach areas 
are to be coated) should be about 9¢ 
per square foot for 5 mils and 13¢ for 
10 mils of vinyl mastic. Application cost 
using conventional spray and_ heating 
equipment, will be that of one brush 
prime coat and two good heavy hot 
spray coats for 5 mils or one brush and 


coating is se- 
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TABLE i Sones of Methods 1 and 2 


| Method 1 | Method 2 


Initial Capital Outlay per 
Ton of Steel 

Maintenance expense 
total in 10 years 
(2) + (3) + (4) + 
(5) + (6) + (7) of 
Table 1 
(2) + (3) + (4) + 
(5) of Table 2 


37.18 | 


56.63* 


20.64 


Capital write off expense. 18.59 28. 32 
Total Capital and Main- 


tenance 10 years 327.40 | 82.93 


6% interest on borrowed | 


capital 22.30 33.98 


Total cost per square 
foot Ree year. 


0.131 0.0332 


Cc orrosion Protection 
Total cost per 1000 


Tons in ten years. . 7,400.00 | $82,930.00 


Dias? in total cost in ten years, 


Method 1 and 2 $244,470.00 


Tax @ 52% on difference between 
Methods 1 and 2. 


Saving in 10 years per 1000 tons of 
steel using Method 2 


* Includes credit for lack of shop coat. 


one doublepass hot spray coat for 10 
mils of a vinyl mastic. This is 10¢ ap- 
plication cost per square foot for 5 mils 
thickness and 9¢ for 10 mils. Estimating 
1 percent replacement of coating after 
erection (a very high estimate) total 
surface preparation, material and appli- 
cation cost of a 5-mil protective coating 
will average just over 25¢ per square 
foot of steel or about $63.13 per ton. 


Life Should Exceed 5 Years 

It is conservative to estimate on the 
basis of experience, that such a coating 
will have an almost maintenance-free 
life of five to eight years, or average 
six and a fraction years. On a ten year 
basis, if a single color coat were applied 
to the entire surface, and 5 percent of 
the entire surface were spot cleaned and 
recoated to the original system at the 
end of six years, the surface cleaning for 
the color coat, the coat and the applica- 
tion would cost about $22.50 per ton 
and the spotting as a percentage of the 
total about $3.16 per ton to maintain 
appearance and protection, or a main- 
tenance expenditure of about $25.66 per 
ton. 

Rating this expense in terms of 6-year 
life, the amount spent for the original 
coating for four years of the second six 
year period, including the spot recoat, 
brings the total cost to $81.08 per ton. 
Adding to this amount the 15% for 
plant painters’ cost above contract paint- 
ing and subtracting half the original 
capital and the rebate from non- 
shopcoating, plus capital interest, cost 
of corrosion protection at the end of 
ten years of $82.93 per ton or about 3¢ 
per square foot per year. The steel is 
fully protected and has been since it 
was erected. 

Coatings considered are vinyls. Other 
coatings, such as epoxies and phenolics 
may require additional work for recoat- 
ing because they are more difficult to 
apply with good adhesion on recoating. 
using these coatings may be 
higher than those shown. 


cost 


So, costs 
s« smewhat 


Weigh Expense Details 
the details of 
capital plan: 


Consider with 


the higher 


expense 
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1. Special attention must be paid by 
the coating workers not to mar or de- 
face erection markings on steel. Mark- 
ing may be by die or metal tag. 

2. Unloading steel to blasting- painting 
site, turning it, reloading it for erection 
will take time and sient. 

3. The detour through blast-paint op- 
eration must be scheduled as tightly as 
erection. However in modern practice 
no delays should be expected from 
weather which are not concurrent with 
delays in structural steel erection. 

4. Special care in erection is necessary 
to avoid damage to coating. 

5. A site for blast-painting operation, 
where blasting dust will not interfere 
with erection or operation, must be lo- 
cated where facilities for car loading 
and unloading of steel and unloading of 
blasting sand are available. 


Summary 

By accepting the additional capital 
cost of approximately $19.45 per ton of 
steel and assigning to maintenance ex- 
pense $26.30 per ton over ten years, an 
estimated expenditure from maintenance 
funds in ten years of about $263.03 per 
ton can be prevented. 

Further, as a result of the higher cap- 
ital expense, structure remains in un- 
corroded condition and excellent appear- 
ance after ten years, whereas the 
structure with the higher maintenance 
expense has suffered considerable corro- 
sion and is constantly being recoated in 
areas where the mill scale continues to 
break loose and tear away the protective 
coating. 

Maintenance and capital costs can be 
reduced by preferred method from about 
13¢ per square foot per year to around 
3¢ per square foot per year. 

In terms of the average new plant 
whose coatable steel approximates 4000 
tons, the higher capital, lower mainte- 
nance method of protection would ap- 
pear to pay reasonable dividends, even 
after 52 percent for taxes on the unex- 
pended balance has been deducted. 


TECHNICAL 
REPORTS 


MARINE COATINGS 
Suggested Coating Specifications 


T-1M 

for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50. 

T-1M Suggested Painting Specifications 
for Marine Coatings. A Report of 

NACE Technical Unit Committee T-1M on 

Corrosion of Oil & Gas Well Producing Equip- 

ment in Offshore Installations. Publication 

No. 57-7. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg.. Houston, Texas. Add 85c_ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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TECHNICAL TOPICS 


: Protective Coating keeps this conduit 
safe from corrosive attack of chemically treated water 


Rugged Polyken Tape has prevented corrosion damage here since 1951 


The conduit pictured above is in- 
stalled on a water cooling tower 
serving one of the world’s largest 
fluid catalytic cracking units at 
Gulf Oil’s Port Arthur, Texas Re- 
finery. 

If it were unprotected, the con- 
duit would soon be destroyed by 
corrosion. But Polyken Protective 


Poluken 


PROTECTIVE COATINGS 
oe KENDALL company 


Tape Coating has been on the job 
for 6 years, providing dependable 
protection. What’s more, Polyken 
Tape shows no sign of deterioration. 

Polyken Protective Coatings are 
tough plastic tapes. They’re manu- 
factured from controlled raw mate- 
rials under controlled conditions. 
They offer high resistance to corro- 


Polyken Sales Division 


sive atmospheres at varying tem- 
peratures. Thickness and composi- 
tion of the polyethylene backing 
and adhesive mass are consistent. 

Polyken Protective Coatings go 
on quickly and economically right 
from the roll. No heat, no solvents 
or thinners, no drying or clean-up 
time required. 


To talk over your project—write, wire 
or phone Polyken Sales Division, 309 
W. Jackson Bivd., Chicago 6, Illinois. 
Webster 9-7100. 

Complete catalog, Sweet’s Industrial 


Construction File, Sec. Pal 





A Review of 


Telephone Cable Corrosion Problems’ 


JT TNDERGROUND plant in the tele- 
phone industry can be divided into 
two categories: 

1. Cable plant buried directly in the 
soil and, 

2. Plant placed in conduits, usually of 

a vitreous clay material. 
In addition to these are underground 
cable dips normally used as an extension 
of aerial cable plant where continued 
aerial construction is not practicable. 

Corrosion of underground telephone 
plant similarly falls into two categories; 
corrosion on “buried” cable plant and 
corrosion on “underground” cable plant. 
These two types of plant normally are 
connected at the outskirts of larger cities 
so electrical continuity usually exists. In 
the city proper, cable normally is placed 
in multiple conduits. This expedites 
placing, removing and simplifies opera- 
tions where repeated excavation is not 
feasible. Economics generally dictate the 
use of conduit in cities. Similarly, in 
sparsely inhabited areas or between 
cities, economics dictate the use of 
“buried” cable. 

Buried and underground cables nor- 
mally are jacketed in lead alloys. Al- 
though polyethelene sheathings have 
been developed, for the most part lead 
alloy sheathings are predominant. Lead 
sheath alloys originally contained 3 per- 
cent tin, while present cables contain 1 
percent antimony, Lead alloys have an 
ease of extrudability and flexibility 
which makes them desirable where 
sheaths are subjected to a wide range 
of temperatures and considerable han- 
dling. 


Buried Plant Is Increasing 

Recently buried intercity toll plant 
has been increasing. This cable is largely 
lead sheath with protective covering al- 
though some has a polyethylene jacket 
instead of lead. This expansion is due 
to the fact that existing wire lines can 
no longer fill circuit requirements and 
because buried plant enjoys a consider- 
able degree of protection from the ele- 
ments and thereby a minimum of service 
interruptions. Lead alloy sheath on 
buried cables also provides an added 
shielding from power line induction 
which is important in many locations. 

For testing purposes buried cables 
can be divided into four categories: 

1. Plain lead with jute or thermoplastic 
protection. 

2. Tape armored, gopher protected, wire 
armored and modified tape armored 
cables. 

3. Thermoplastic copper protected cables 
(bonded type) 

. Thermoplastic copper protected cable 
(non-bonded type). 

Plain lead sheath cable with a jute 
or thermoplastic covering involves only 

a single metal from a corrosion stand- 


% A paper presented under the title ‘“Tele- 


phone Cable Corrosion 
W. Elley, 


Problems,” by W. 
Southwestern Bell Telephone 
Co., San Antonio, Texas at a meeting of 
South Central Region, National Associa 
tion of Corrosion Engineers, Houston, 
Texas, October 18-21, 1955. 


With Some Suggestions for Improved Methods 
In Making Surveys of Bare and Ducted Cables 


Abstract 
practice in laying 
phone cable in soil and = running 
cables in ducts is described. Com- 
mon types of cable employed are 
listed and described briefly. Loca- 
tion of and reasons for location of 
test points on various kinds of 
eables and installations are de- 
scribed. Adoption of the copper sul- 
fate/copper reference electrode in 
preference to the lead slug electrode 
by many telephone companies is 
ascribed to changed conditions on 
underground lead cable. Difficulties 
associated with measurement of small 
eurrents are described as are several 
methods of measuring potentials of 
cables underground. Economic signifi- 
cance of corrosion damage on long 
lines cables is increasing because of 
the numerous circuits involved in an 
outage, 7.7 


Usual bare tele- 


point and corrosion testing on these 
types involves no unusual features. How- 
ever, where shield wires for lightning 
protection purposes are buried along the 
cable route, care must be exercised to 
insure that the shield wires do not cause 
erroneous measurements, 

Tape armored, gopher protected and 
wire armored cables involve a combira- 
tion of two metals, lead and steel, 
bonded together with a fairly good con- 
ductivity medium between the steel and 
the lead. Steel is the metal in these 
types which is closest to direct contact 
with the soil. Since these two metals 
are in close proximity to each other in 
the electromotive force series of metals, 
corrosion of the steel wires or tapes 
should not necessarily result in serious 
corrosion of the lead sheath, as long as 
no holidays exist in the protective coat- 
ing between the lead sheath and steel 
tapes. 

With thermoplastic copper protected 
cable of the bonded type a combination 
of two metals, lead and copper, widely 
separated in the electromotive force 
i involved. Metals in this type 
of construction are connected at each 
splice point, at approximately 1400-foot 
intervals. Thermoplastic copper pro- 
tected cable, in which the copper jacket 
is kept isolated from the sheath for sev- 
more 


series, is 


eral miles or more, presents a 
complicated problem from a testing 
standpoint. Two metals are involved, 
copper and lead, but under normal con- 
ditions the lead is kept well insulated 
from the copper so the problem is pri- 
marily that of maintaining satisfactory 
insulation through the 
thermoplastic compound. This may be 
checked by periodic tests of the resist- 
ance between copper jacket and sheath. 


resistance 


Buried lead cables must be provided 
with test points for corrosion testing. 
These expedite testing and insure more 
accurate results on surveys. 
All buried cables should be engineered 


corrosion 
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to provide ample test points of three 
general types: 

1. Potential test points. 

2. Current test points. 

3. Cable or foreign structure test 
points. 

Any or all of these types may be in- 
volved at a single location, although usu- 
ally only two are present. Frequency of 
the test points varies and is determined 
by various conditions as well as by the 
type of installation. Potential test points 
are designed for measurement of poten- 
tial between the cable and earth. Cur- 
rent test points are designed for meas- 
uring the current flow on the cable by 
means of the millivolt drop over a 
known length of cable (usually 30 feet). 
Cable to foreign structure test points 
are designed to permit measurement of 
the potential between the cable and a 
near foreign structure, usually a pipe 
line. 

Potentials of cable to earth can be 
checked readily on buried toll cable at 
every gas valve and contactor location 
where they make direct contact to the 
sheath at 3000-foot intervals. In addi- 
tion to standard gas valve locations, po- 
tential tests on buried cables can be 
made at special current test points and 
at test points normally established at 
crossings of foreign structures. Stand- 
ard potential test points normally con- 
tain a buried lead slug located four feet 
from the cable and which is considered 
a permanent ground electrode. With the 
introduction of the half-cell, the use of 
the ground electrode has fallen some- 
what into disuse. 

In copper jacketed cables where the 
copper jacket is isolated from the 
sheath, a single test lead also is con- 
nected to the jacket at each valve point. 
This permits potential and resistance 
measurements to be made readily be- 
tween it and the cable sheath, 

Current test points locations on buried 
cable routes are determined primarily 
by the type of cable and proximity of 
foreign structures. On almost all types 
of buried cables, current test points gen- 
erally are established: at intervals of 
five miles and on'each side of and im- 
mediately adjacent to repeater stations. 
In addition to these regular current test 
points, special current test points are 
located in areas where foreign structures 
cross or lie in close proximity. These 
foreign structures may be pipes or 
cables underground or a railway oper- 
ated by direct current or using direct 
current for signal circuits. Current test 
points usually are located at such cross- 
ings, one immediately at the crossing 
and one at each side. 

In areas where buried telephone cables 
are parallel to railways or pipe lines and 


(Continued on Page 136) 
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A new line of molded plastic crossing insulators is 
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Write today for Plastic Crossing Insulator literature. 
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to 10 x 14. 
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tion and extremely low water absorption. 
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are within 1000 feet to a mile of such 
neighboring structures, test points are 
provided at one mile intervals. If such 
foreign structures are within 1000 feet 
of buried cable, current test points usu- 
ally are located at every splicing pit or 
at intervals of roughly 1400 feet. A cur- 
rent test point at other than foreign 
structure locations contain two conduc- 
tors located 30 feet apart and brought 
out to a terminal. This provides easy 
access and permits the measurement of 
a voltage drop over a known length of 
cable. At foreign pipe crossings two 
such locations are provided to permit 
detection of current flow direction, Cable 
to foreign structure test leads normally 
are provided at all pipe crossings using 
cathodic protection. 


Underground Cables Are Bare Lead 

Underground cables are confined to 
relatively small areas largely within 
metropolitan areas. These are still 
mostly bare lead in conduit runs with 
manhole access at a spacing averaging 
approximately 500 feet. Due to earth 
stresses conduit joints readily give, 
causing a crack or small opening which 
permits silt and soil waters to flow into 
the conduit. Cement-abestos pipe is 
gaining favor rapidly as conduit mate- 
rial for underground cables. It is not 
susceptible to leaks at joints and if prop- 
erly installed can be kept dry and free 
of foreign matter. Corrosion failures in 
pipe dips and risers have been reduced 
as a result of using cement-asbestos 
conduit in place of iron pipe. 


Small Potentials Are Measured 
Extremely small value of potentials 
under observation today is a primary 
reason for refining testing methods. 
Other important factors which have fur- 
ther complicated testing are: 


1. Confinement of underground plant 
largely to metropolitan areas, 

2. The close proximity of adjacent un- 
derground structures in metropolitan 
areas. 

High resistance contacts resulting 

from the inability to establish elec- 

trodes in direct contact with the earth. 

Independent use of cathodic protec- 

tion by other utilities 

The last three listed factors are a di- 
rect result of the first; the confinement 
of the bulk of underground plant to me- 
tropolitan areas. In metropolitan areas 
in those sections of cities where the 
major portion of the surfaces are cov- 
ered with concrete, asphalt, or similar 
hard surface material, particular con- 
sideration must be given to the location 
of the reference electrode. High resist- 
ance contacts have been observed which 
render readings from most currently 
used meters inaccurate. Three possibil- 
ities exist to correct for the introduction 
of high contact resistance: 


1. Because of the resistance introduced 
by conduit, it is permissible to locate 
the reference electrode at sufficient 
distances from the cable where earth 
contacts are available. 

Vacuum tube voltmeters with resist- 
ances of one or more megohms_ per 
volt will correct for high contact re 
sistance. These sensitive and expen- 
sive meters require specially trained 
personnel, 

Where earth contact cannot be made 
by a remote electrode or highly sensi- 


tive meters are not available an alter- 
nate solution is to drill a hole through 
the pavement sufficient in diameter to 
accommodate a specially constructed 
reference electrode. Permanent wells 
with removable covers are recom- 
mended where periodic tests are nec- 
essary. 


Half Cell Being Accepted 

A lead slug was accepted as reference 
electrode in cable corrosion testing for 
many years but recently a half cell ref- 
erence electrode has been accepted in 
the Bell System. The accepted theory 
supporting the lead slug electrode was 
that if a material of exactly the same 
composition as the cable sheath under 
test were used and completely isolated 
from outside influences a zero potential 
would be observed. A lead cable posi- 
tive with respect to the static lead ref- 
erence electrode established the cable as 
the anode and indicated corrosion. 

This method and the theory were 
sound when appreciable increments of 
current were present and correspond- 
ingly high potentials existed. Today, 
however, it is recognized that a poten- 
tial difference exists between the lead 
electrode and the lead sheath under test. 
This potential difference, although due 
to several separate phenomena, may be 
considered as galvanic difference of po- 
tential resulting from disimilarity in 
surface conditions of the cable sheath 
and of the test plate. 

The cable sheath and the test plate 
thus constitute the two electrodes of a 
cell which developes a potential differ- 
ence that has no relation to the current 
flowing in the structure under test. If 
the potential developed between the 
test electrode and cable under test are 
similar in magnitude to the potential 
developed between this same cable and 
earth, the resultant readings are inac- 
curate. In nonstray current areas most 
potentials of cable to earth are not as 
great as those developed between the 
cable and the lead reference electrode, 
so readings taken with them are not 
reliable indicators of either potential or 
of current flow. 

By placing the lead slug in different 
places or using a different slug it often 
is possible to obtain a wide variety of 
small readings. This effect is also pos- 
sible due to polarization of the slug 
which results in a change in potential 
with time. A_half-cell now in use by 
many telephone companies is the cop- 
per-copper sulfate half-cell, a stable and 
predictable reference electrode. For 
work on lead cables the lead-lead chlo- 
ride cell has certain advantages but ex- 
perience has shown that it does not 
remain stable over extended periods. 


Electrode Location Important 


For buried cables with a sound pro- 
tective coating, the reference electrode 
should be located preferable immediately 
over the cable. In metropolitan areas, 
location immediately over the cable is 
desired but conditions often prevent it. 
On concrete roads it often is necessary 
only to dampen the reference electrode 
thoroughly to establish necessary con- 
tact. On asphalt and macadamized roads 
this does not usually suffice and as an 
alternative, the half-cell must be taken 
to a remote location. 

The criterion for protection of lead 
sheathed cables with respect to a copper- 
copper sulfate half-cell has not been ac- 
curately determined. Based primarily on 
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observation and experience, a value of 
—.75 appears satisfactory. 


Potential-To-Earth Measurements 


Over-all studies should involve single 
cable-to-earth potential measurements at 
points where relatively easy contact can 
be made to the cable normally at man- 
holes. 

To assist in analysis of cable-to-earth 
potentials it often is advisable to plot 
observed potentials-to-earth readings 
along the cable run. This readily lo- 
cates positive areas and other signifi- 
cant conditions. 

Where conditions exist which require 
detailed study and extensive tests, use 
can be made of one or more half-cells 
in cable-to-earth measurements if one 
important principle is observed: If two 
identical! half-cells are placed at sepa- 
rate points, the potential difference be- 
tween them is substantially due to IR 
drop in the earth. Thus a reading from 
a cable to a half-cell may not have spe- 
cial significance, but the difference be- 
tween readings taken between a cable 
at a fixed point and a half-cell placed 
successively at various points on the 
earth will give an indication of the di- 
rection of current flow in the earth. 


Duct Surveys Are Replaced 

This principle is applicable on a line 
perpendicular to the cable, on a parallel 
line or on both simultaneously. 

A single half-cell in series with a 
meter through which contact is made 
to the cable can be used to provide data 
formerly acquired through duct surveys. 
In place of the lead slug electrode 
pushed through the duct, with poten- 
tials read at intervals, the half-cell can 
be moved on a line parallel to the cable 
and contact made periodically to the 
earth on the outside of the duct. Poten- 
tials are considered to reflect the aver- 
age potentials of the cable over a length 
approximately four times the distance of 
the half-cell from the cable. If the half- 
cell is located ten feet from the cable, 
the potential observed will be the aver- 
age for 40 feet of cable. These values 
can be plotted so points of higher po- 
tential indicate corrosive areas. 

A more elaborate and more accurate 
extension of this test involves measure- 
ments of potential between the cables 
and a halt-cell placed successively di- 
rectly over the cable and at points on 
either side of the cable. Using the meas- 
urement of cable to half-cell directly 
over the cable as a reference, the direc- 
tion of the current in the earth may be 
deduced. Table 1 gives an idea of the 
magnitude of the potentials that may be 
encountered, along with the interpreta- 
tion in terms of current direction. 

A series of such tests over a suspected 
section can pin-point corrosive areas. 


IR Drop Measurements 

In computing current from potential 
drop it is necessary to correct the meter 
reading for resistance of test leads and 
divide the correct potential by sheath 
resistance. Sheath resistance is never 
accurately known, particularly in multi- 
ple cable runs, so any attempt to meas- 
ure IR drop in successive sections is 
likely to provide dubious results because 
possible errors are larger than the quan- 
tity sought. However, current measure- 
ments with instruments now in use 
show direction of currents from two or 
more directions into a section of cable. 


(Continued on Page 137) 
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Telephone Cable— 
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When improved instruments and test 
procedures are developed, measurement 
of current and current loss will become 
more important in testing procedures in 
non-stray areas. 


Conclusion 

Corrosion of lead sheathed cables is 
becoming increasingly a major problem 
in telephone companies, Local action ac- 
counts for a continually growing num- 
ber of failures since abandonment of 
track return trolleys. Stray current 
losses are increasing sharply due to 
installation of cathodic protection on 
other utilities’ underground plant in con- 
gested areas. The cost of replacing 
cables is becoming increasingly high. 

The multitude of circuits common to 
a cable increase revenue lost as a result 
of a failure. The problem is aggravated 
because testing techniques are not fully 
adapted to small currents encountered. 
These currents may be attributed to the 
following causes: 

1. Differential aeration. 

2. Concentration cells. 

3. Stray currents from foreign cathodic 
protection systems. 

4. Galvanic currents. 

5. Long Lines currents. 

Lead, an amphoteric metal, reacts to 
bases or acids. Extensive use of cathodic 
protection on cable must be given care- 
ful consideration to avoid excessive neg- 
ative potentials creating base solutions 
adjacent to sheath in sufficient concen- 
tration to result in cathodic corrosion. 

A properly engineered corrosion plan 
must consider not only economy in in- 
stallation and operation but also a joint 
protective system involving all utilities 
operating in the area. No more bare 
lead sheath than absolutely necessary 
should be laid underground. Cables with 
a polyethylene sheath placed externally 
over thin sheaths of lead, aluminum or 
steel are referred to as_ polyethylene 
jacketed, alpeth and stalpeth. They are 
a practical solution to many of corrosion 
problems. 


Organic Solvents Control 
Next Air Pollution Aim 


About 400 tons of organic solvents are 
entering the atmosphere of Los Angeles 
county daily as vapor, according to the 
county’s Air Pollution Control District 
These vapors come from such sources 
as paints, dry cleaning plants, roto- 
gravure plants, paint manufacturers, 
automobile assembly plants, aircraft 
companies, manufacturers of cans and 
containers, furniture and appliances. The 
amount is estimated to be about one- 
fifth of the daily organic emissions. 

An investigation is underway now 
into the feasibility of legislation limiting 
emission of these vapors into the air. 
A measuring device using infra-red radi- 
ation to measure carbon atoms is under 
consideration. It would be used to scan 
air entering and leaving a plant where 
solvents are used and compare the num- 
ber carbon atoms. 

When a means of measuring solvent 
emission has been developed legislation 
leading to control of industries involved 
will be prepared. Controls will be sought 
for segments of industry as rapidly as 
efficient measuring devices can be con- 
trived. 
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Use of Stainless Steel to Combat Corrosion 
In the Chemical Industry* 


(Continued from Sept. 1957 Issue) 


Characteristic Defects and Remedial 
Measures 

It is important to recognize the limi- 
tations of the stainless steels as re- 
gards both inherent weaknesses and 
those which may arise from design. 
Four major characteristic defects are 
susceptibility to pitting and concentra- 
tion cell effects, sensitization, stress cor- 
rosion cracking and hot shortness. 


A. Pitting and Concentraion Cell At- 
tack. It is difficult to differentiate be- 
tween these phenomena. Nuclei for pit- 
ting probably are engendered most 
often by action of small penetrating 
chloride ions on the otherwise protec- 
tive surface film. Subsequently, there 
may come into play oxygen concentra- 
tion cell effects, ionic concentration cell 
effects and galvanic relationships be- 
tween the active anodic area and the 
large passive cathode area  surround- 
ing it. 

Stainless steel frequently pits under 
deposits in cooling waters or in process 
environments and are common under 
rust deposits in stainless lines handling 
soft waters in which there has_ been 
previous corrosion of galvanized, steel 
or cast iron equipment. For some 
reason, the insoluble iron carried in the 
corrosive water tends to precipitate at 
places where there has been a disturb- 
ance in flow, such as around welds or 
other protuberances in the stainless 
equipment. Even in steam condensate, 
for which stainless steel normally is 
considered the complete solution as far 
as corrosion is concerned, there is a 
tendency to pitting if rust deposition 
occurs, 

Probably the most common occur- 
rence of concentration cell pitting of 
stainless is on gasket faces, as described 
by Kunkel.” He cites the adverse effect 
ot using long fiber asbestos gaskets, 
which can have a wicking action in the 
flanged area with attendant oxygen 
concentration cell pitting. He says rub- 
ber faced gaskets and gasket materials 
without asbestos did not seem to cause 
serious pitting. However, the use of 
short fiber asbestos is not always prac- 
ticable. The writer has encountered 
pitting on stainless gasket surfaces ap- 
parently caused by this type of action. 
However, the equipment in question 
was in high pressure service and a 
recommendation that short fiber as- 
bestos be used brought out the fact 
that short fiber material does not have 
the physical strength for high pressure 
application. The decision in such a 
case must be a compromise. 

In general, freedom from pitting of 
stainless steels can only be assured in 
environments in which there is no ten- 
dency to form localized deposits, and 
even then it is difficult to maintain pit- 
free surfaces in gasket areas. 

% A paper by Charles P. Dillon, Union Car- 
bide Chemicals Corp., Texas City, Texas 
presented at a meeting of Niagara Section, 
National Association of Corrosion Engi- 
neers, at Buffalo, N. Y., May 9-10, 1956. 


B. Sensitization. Sensitization, or “weld 
decay,” of the austenitic stainless steels 
is probably their best known deficiency. 
This phenomenon is very striking, is 
readily reproduced and can be studied 
readily by metallographic and corrosion 
investigation. For these reasons, sensi- 
tization has been widely publicized. Un- 
fortunately, the number of references 
in the literature on the topic frequently 
lead to measures against this type of 
attack in environments which are, in 
effect, innocuous even to critically sensi- 
tized material. It should be emphasized 
that intergranular corrosion of sensi- 
tized stainless steel is contingent on the 
corrosive environment. 

The most commonly accepted theory 
explaining sensitization attack is that 
when austenitic stainless steels are held 
in the temperature range 800 to 1500 F, 
carbon migrates to the grain boundaries 
and precipitates as chromium carbides. 
This leaves a chromium-deficient area 
around each grain, which is subject to 
preferential corrosion in certain environ- 
ments. This explanation appears to be 
adequate for the 18-8 stainless steels, 
304, 321, 347, etc. It does not satis- 
factorily explain the behavior of molyb- 
denum-bearing grades. 

Apparently, another’ metallurgical 
constituent, “sigma phase,” enters into 
this mechanism’ as indicated under the 
section “Specifications.” An allied form 
of attack is “knife-line” attack, so desig- 
nated by Holzworth.” In the area im- 
mediately adjacent to the weld of a 
stabilized material, the titanium or 
columbium carbides may be redissolved 
by the high heat of welding. This effec- 
tively takes the stabilizing elements out 
of play, so that subsequent heat treat- 
ment in the sensitizing range renders 
them susceptible to corrosion in a very 
narrow line on each side of the weld- 
ment. It is said that Type 321 is more 
susceptible than 347 to this knife-line 
attack. 

Two major methods of avoiding sen- 
sitization are to use stabilized grades, 
which contain titanium, columbium, or 
columbium-tantalum, or the extra low 
carbon grades. Occasionally a type of 
stabilization heat treatment at 1600 F 
designed to precipitate spheroidized car- 
bide particles to the extent they do not 
promote intergranular corrosion is used. 
This heat treatment generally is not 
considered a practical solution. 

The use of the low carbon grades of 
stainless steel has been the subject of 
considerable study.” Early investiga- 
tions by Bain, Rutherford and Aborn 
had indicated that the susceptibility to 
intergranular corrosion should cease at 
around .03% carbon. Heger and Hamil- 
ton’s linear regression analyses of these 
data, however, indicate that a carbon 
content of less than .009% is necessary 
for complete freedom from intergranu- 
lar attack.” 

It would appear that many investiga- 
tions tend to be academic in that they 
are pointed toward absolute freedom from 
intergranular corrosion under conditions 
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of long exposure in the sensitizing range 
and simultaneous or subsequent expo- 
sure to corrosive agents specific for in- 
tergranular attack. These conditions 
normally are not encountered in chemi- 
cal process corrosion. In practice, the 
writer feels that the conventional 0.03% 
maximum 18-8 stainless steels are ade- 
quate for most chemical plant processes. 


An interesting question arises from 
the fact that low carbon grades of Type 
316 stainless steel cannot be tested by 
the Huey Test. The question naturally 
arises: Does the failure of the molybde- 
num-bearing grades to perform as ex- 
pected in the boiling 65% nitric acid 
test reflect upon the test or upon the 
material? For example, it has been 
argued that this indicated that the test 
was no good. It also has been argued 
that this means that the low carbon 
grades of 316 will not perform in serv- 
ice in a manner analogous to low car- 
bon 304. The writer believes the answer 
hinges entirely upon the corrosive en- 
vironments to which they are exposed. 
In field corrosion tests in the process 
streams at the writer’s Texas City plant, 
low carbon grades of 316 generally per- 
form satisfactorily when sensitized, even 
in environments in which sensitized 
regular carbon content 316 is rapidly 
corroded. This experience indicates the 
use of low carbon 316 is feasible. On 
the other hand, it should be borne in 
mind that if there is one environment 
(e.g. boiling 65% nitric acid) which at- 
tacks sensitized low carbon 316 in an 
intergranular manner, then there well 
may be other process liquors which will 
do the same thing. At present it is im- 
possible to predict this occurrence by a 
chemical analysis of the stream, so it 
becomes necessary to make extensive 
laboratory or field corrosion tests be- 
fore electing to use a low carbon 316 
in an unknown process. The same is 
true of columbium-stabilized 316, which 
likewise tends to fail the Huey Test. 


C. Stress Corrosion Cracking. This ap- 
parently is the most serious defect of 
austenitic stainless steels used in the 
chemical process industry. Susceptibility 
of the austenitic stainless steels to this 
type of attack has been overshadowed 
to a great extent by the volume of 
literature on sensitization, The writer 
has seen many failures in which stress 
cracking was responsible, and very few 
in which sensitization was a factor. In- 
cidence of stress corrosion cracking 
probably have been obscured largely by 
the fact that it has not been widely 
reported among the myriad services in 
which stainless steels are employed which 
include not only the chemical process 
industry but such things as architec- 
tural trim and service for anti-contami- 
nation. In many slightly corrosive en- 
vironments, and particularly where 
brackish cooling water is employed, 
this is a major problem. Stress-corro- 
sion cracking has been reported in such 
diverse media as water, condensate, 
(Continued on Page 140) 
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ball rolling is to fill out the coupon below. Do it now. 


iXCo THE INTERNATIONAL NICKEL COMPANY, INC, 82.2 30% 
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THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 
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Figure 5—Photomicrograph of stress-corrosion crack- 
ing in thread root of Type 304 bolt. Medium: Wet 
salt-contaminated insulation. 


Use of Stainless— 


(Continued From Page 138) 


acetic acid, caustic, coffee, baked beans 
and tomato soup. 

Some idea of the frequency of failures 
can be gathered from the following ex- 
amples: 

Figure 5 shows a Type 304 stainless 
steel bolt which failed in four years at 
80 C, due to salt air and moisture con- 
tamination (from the atmosphere) of 
hair felt and magnesia insulation. 

Figure 6 shows a section of Type 347 
stainless steel pipe which failed by 
cracking in a process effluent. Typical 
branching transcrystalline penetration 
is shown in Figure 7. 

Figure & illustrates the stress corro- 
sion cracking by brackish cooling water 
of two 18-8 condenser tubes. Observe 
that one has cracked due to residual 
hoop and tensile stresses arising from 
the forming of the tube and the other, 
from a hairpin bundle, shows distinctly 
the effect of the tensile stresses imposed 
by the bending of the tube. 

Type 347 autoclave brine jackets have 
been observed to crack in 20 months’ 
time by the action of chromate-inhibited 
28% calcium chloride brine at a pH of 
8.5, when temperatures ranged from 
—10 C during normal service to 190 C 
during steaming-out operations. The 
stresses arose from differential expan- 
sion between the solid, light gauge brine 
jacket and the heavier stainless-ciad 
steel wall of the autoclave proper. 

Figure 9 shows the cracking of a 
Type 304 preheater in process water 
contaminated with chlorides and with a 
small amount of acetic acid, The strip- 
ping still which operated with this unit 
also failed in 18 months. Construction 
was of mixed Type 316 and 347, oper- 
ating temperature was 128 C, pH was 
4 to 6 and there was about 250 ppm of 
chlorides in the environment. 

Type 304 stainless steel preheaters 
cracked in 20 months in an environment 
analyzing 99.9% water, 100-300 ppm 
acetic acid and 30-40 ppm chloride at 
a pH of 3-6. The temperature was 130 
C. The failure is illustrated strikingly by 
the cracking of the tube-sheets shown 
in Figure 10. This water had been made 
oxygen-free by addition of sodium sulfite. 
It is not certain what the cathodic de- 
polarization reaction was in this instance, 
although it has been established defi 
nitely that stress-corrosion cracking is 
an electrochemical phenomenon. 

Among other instances is the failure 
ot Type 316 heating coil tubes in a 
batch still for chlorinated hydrocarbon 


Figure 6—Stress-corrosion cracking of Type 347 
pipe in a process effluent. 
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Figure 10—Stress-corrosion cracking of Type 304 
tube-sheet in sodium sulfite-deaerated process water 
contaminated with acetic acid and chlorides. 


Figure 11—Stress-corrosion cracking of Type 316, 
pitting of Type 329 condenser tubes by recirculated 
cooling water in vertical condenser. 


service in 10 months at 125 C kettle 
temperature. Of course, the wall tem- 
perature of the tubes was considerably 
higher. In another instance, a 316 calan- 
dria failed in four years in a solution of 
18% sodium chloride containing 0.2 to 
0.3% sodium hydroxide at 135 C. In 
still another case, a 316 condenser failed 
in eight months in cycle water due to 
residual stresses. The process side was 
132 C. Recently, due to “minor operat- 
ing changes,” a 316 heating coil failed 
by cracking in three weeks where the tubes 
were expanded into the tube-sheet. Pre- 
vious coils had a life of up to 5 months. 

Figure 11 shows a Type 329 and a 
Type 316 tube which have been in serv- 
ice side by side in a vertical stainless 
condenser. This condenser has a process 
inlet temperature of about 150 C, with 
water countercurrent on the _ shellside 
having a discharge temperature of 60 C. 
The 316 tube failed by stress-corrosion 
cracking in the first 6 to 10 inches 
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Figure 7—Photomicrograph of stress-corrosion crack- 
ing of Type 347 pipe. 


Figure 8—Stress-corrosion cracking of Type 304 
condenser tubes in recirculated cooling water by 
residual and by applied stress. 


Figure 9—Stress-corrosion cracking of Type 304 
condenser tubes in process water contaminated 
with acetic acid and chlorides. 


below the upper tube sheet in 18 
months. Attempts to use a duplex alloy 
as a preventive measure resulted in 
severe pitting under the same condi- 
tions, although this may have been en- 
gendered by faulty heat treatment of 
the Type 329, 

Most investigators consider Types 304 
and 316 stainless steels approximately 
equal in their susceptibility to stress 
corrosion cracking.” Other investigators 
seem to feel that Type 316 may be 
superior,” a feeling probably due to the 
superior resistance of 316 to chloride 
pitting. It is alleged, quite reasonably, 
that cracking must begin as pitting, at 
least on a microscopic scale. It is some- 
times felt that the extra highly alloyed 
stainless steels are immune to cracking, 
but cracking of a 20 chrome-20 nickel 
alloy has been reported.” Zappfe” re- 
ports that German metallurgists believe 
that the higher austenitic alloys, which 
are more stable than 18-8, are less sus- 
ceptible to stress corrosion cracking. 

An important consideration in any 
discussion of stress corrosion cracking 
is the applicability of alleviating stress- 
relieving heat treatment, Zappfe™ refers 
to a stress-relieving heat treatment on the 
order of 800 F, and mention is made 

(Continued on Page 142) 
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Other Fluoroflex-T 
Products 


Laminated Dip Pipe: 
shatter and 
corrosion proof — 


withstands 500°F 


A specially laminated construction 
gives this Fluoroflex-T Dip Pipe the 
strength and chemical inertness 
needed for the most severe applica- 
tions. 


Among the particularly desirable 
features of this dip pipe are its 
resiliency and light weight. Unlike 
those made from other materials, 
Fluoroflex-T Dip Pipe is fracture 
proof and immune to thermal shock. 
It cannot possibly damage glass 
lined and other types of expensive 
reactors. 

Available in standard 2” to 3” ID. 
Special sizes to 6” ID fabricated. 
Send for data. 


| CAUTION: Because the properties of 
Teflon products can be varied widely 
by the fabricating methods employed, | 

= fabricator’s experience and in- | 
tegrity remain the user’s best assur- 
ance of quality and performance. 


Originators of high temperature 
fluorocarbon hose assemblies 


TECHNICAL TOPICS 


The least expensive hose is 
the one you don’t keep replacing 


Here are three lengths of hose. Take the one on the far 
right. Subjected to hot oils at high temperatures — it 
soon deteriorates and fails. Result: time out for main- 
tenance —and a requisition for a new hose. 


Now consider the hose in the center. Installed on a 
severe flexing application . .. it readily fatigues and 
fails. Result: time out for maintenance — and a requi- 
sition for a new hose. 


How often does this happen? Often enough to prove 
that “the least expensive hose is the one you don’t keep 
replacing.” 

While Fluoroflex-T hose (on the far left) costs 
more initially, its performance actually results in real 
savings. Costly down-time, excessive maintenance 
(often at premium rates), product spoilage, interrupted 
production schedules, disappointed customers — all 
these are eliminated by Fluoroflex-T assemblies. 


With its chemically inert patented tube and its blow- 
off proof fittings, Fluoroflex-T assemblies are ideally 
suited for conveying the most corrosive fluids — safely 
and economically. Write for data. 


Most flexible hose prob- 
lems are quickly solved 
for good with Fluoro- 
flex-T hose assemblies 
— as proved by over 
three years of continu- 
ous service on the 
toughest applications in 
aircraft, missiles, rock- 
ets, and nuclear energy. 
Consider these qualifi- 
cations: non-aging, com- 
pletely inert chemically 
and flexible over range 
of —100°F to +500°F, 
exceptional flex life, 
lightweight, small 0.D., 
1000 psi pressures. 


® Fluoroflex is a Resistoflex trademark, reg. U.S. Pat. off. ®Teflon is a DuPont trademark. 


FResistoflex 


CORPORATION 


Roseland, New Jersey - Western Plant: Burbank, Calif. » Southwestern Plant: Dalias, Tex. 
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Use of Stainless— 
(Continued From Page 140) 


frequently of this treatment in the hand- 
books. It should be noted that this is 
designed to improve mechanical proper- 
ties after cold-work and has little appli- 
cability to the phenomenon of stress- 
corrosion cracking. Thielsch,* for in- 
stance, notes that stress-relief is less 
than 50% effective when conducted at 
1100 to 1250 F and is 90% effective at 
1600 F. 


Experiments on low _ temperature 
stress-relief were conducted in_ the 
writer's laboratories on miniature ten- 
sile specimens stretched against a sup- 
porting frame. Stress was calculated 
from the strain applied. Beam-loaded 
specimens, using Baldwin strain gauges, 
were employed also. For specimens pre- 
stressed to 65,000 psi and subsequently 
stressed to 50,000 psi, it was found that 
a stress-relieving heat treatment at 800 
F achieved a maximum of 50% relief 
and sometimes as little as 20-25% relief 
for heat treatments on the order of sev- 
eral hundred hours per inch of thick- 
ness. On the other hand, heat treatment 
at 1500 F for 164 hr./in. thickness gave 
99%  stress-relief. For practical pur- 
poses, the writer prefers a stress-reliev- 
ing heat treatment at 1650-1750 F at 
two hours per inch of thickness. 

It is noteworthy that when a given 
environment has been established as 
specific for stress-corrosion cracking but 
does not cause accelerated attack on 
sensitized stainless steel, the writer has 
no hesitation in applying a stress-reliev- 
ing heat treatment (furnace-cooled) to 
unstabilized or regular carbon grades 
of stainless steel. If, on the other hand, 
the environment also will cause inter- 
granular corrosion, then the use of sta- 
bilized or extra-low-carbon grades is 
indicated. These can be stress-relieved 
without detriment to their corrosion re- 
sistance. 

Behavior of the straight chromium 
alloys, the chromium-nickel-manganese 
alloys and the duplex alloys is unpre- 
dictable in environments conducive to 
stress-corrosion cracking. It seems that 
all can be susceptible to stress-corrosion 
cracking, depending on the environ- 
ment. The first two groups, particularly, 
have been reported as failing in dilute 
salt solutions or in salt spray. Commit- 
tee T-5E of the NACE has been formed 
on Stress-Corrosion Cracking, and any 
data that may contribute toa knowledge 
of the basic cause of this sort of failure, 
or practical palliative measures, should 
be reported to it. The possible bene- 
ficial effects of couples between stain- 
less tubes and copper or steel shells 
has been discussed earlier herein. Con- 
versely, stress-cracking of stainless 
steel can be hastened by making it the 
anode in a galvanic couple, although 
such couples probably will not be en- 
countered often in the chemical industry. 

It sometimes is asked whether cast 
materials can be subject to stress cor- 
rosion cracking. There seems to be no 
reason why a cast stainless steel should 
not be subject to this type of failure 
except that it is less likely to contain 
residual stresses from fabrication than 
corresponding wrought equipment. An 
instance has been reported in which a 
cast ACI-CH (25-12) pump impeller 
had failed by cracking in magnesium 
chloride brine. This was due apparently 
to operational stresses imposed on the 


impeller, In this case, the failures were 
successfully prevented by giving the im- 
peller a stress-relieving heat treatment 
in the sensitizing, or carbide precipita- 
tion, range. This would not affect oper- 
ational stresses, but apparently lowered 
the overall corrosion resistance slightly 
to a point at which stress corrosion 
cracking could not set in. Stress corro- 
sion cracking is contingent on precisely 
defined conditions of stress and corro- 
sion and does not occur usually in 
either wholly non-corrosive or in mod- 
erately corrosive environments. 

This approach is not generally appli- 
cable. It is necessary to determine 
whether or not stress corrosion crack- 
ing and sensitization may not be simul- 
taneous factors in a given process. In 
the writer’s experience, usually they are 
not, with stress corrosion cracking more 
common. 

When stress corrosion cracking oc- 
curs in annealed stainless it is typically 
transcrystalline and multi-branched. (A 
single transcrystalline crack usually de- 
notes fatigue.) If the metal has been 
sensitized, it may fail in either a trans- 
crystalline or intergranular manner, de- 
pending upon the environment. While 
it was thought originally that all stress- 
cracking of stainless was intergranular 
in nature, this proved later to its identi- 
fication mistakenly with sensitization 
effects. Most failures are typically multi- 
branched transcrystalline cracks. 


D. Hot Shortness. In fabrication by 
welding, the hot short cracking of stain- 
less steel is observed primarily in the 
columbium stabilized grades and to a 
lesser extent in the molybdenum-bear- 
ing steels. It is due apparently to a 
low melting eutectoid formation at the 
grain boundaries at elevated tempera- 
tures, such as are encountered in weld- 
ing, which results in diminished strength 
such that any applied restraint or stress 
results in microfissures at the grain 
boundaries. These may propagate to 
macro-cracks in some _ indeterminate 
period ranging from several hours to 
several months or even years. Wholiy 
austenitic alloys are more prone to this 
type of attack than those which contain 
small amounts of ferrite, hence the 309 
and 310 grades have a tendency similar 
to 347 in this regard. (However, the 
reverse is true in hot-forging opera- 
tions.) There are numerous references 
in the literature as to practical methods 
of alleviating this defect." ** 


Fabrication 

Reference has been made to the rela- 
tively poor weldability of the straight 
chromium grades of stainless steel and 
to the excellent characteristics of the 
austenitic grades in this respect. Cer- 
tain considerations, however, should be 
constantly in mind with regard to the 
welding of the latter grades. 

The general rule in the selection of 
stainless steel weld rod is that it should 
be of essentially the same composition 
as the base metal. Frequently the rod is 
more highly alloyed in order to make 
up for slight losses in outgoing elements 
during the welding process. For in- 
stance, on Type 304 it is common to use 
308 (19-9) electrodes. Further, in the 
welding of the Type 321, a 347 rod is 
preferred because it will transfer co- 
lumbium across the arc whereas there 
is a tendency to lose titanium across 
the arc if a 321 rod is used. Type 310, 
a 25-20 alloy, is used normally for join- 
ing stainless to steel because the use of 
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lower alloy rods would result in a weld 
ment of a lower alloy content having 
definite air-hardening characteristics, 
leading to loss of ductility. 


Because of the hot short characteris- 
tics of 347 previously noted, difficulty 
is sometimes encountered. In heavy 347 
forgings eutectic columbium compounds 
are believed to initiate base metal crack- 
ing during welding.” A 347 rod with a 
lime type coating and about 5% ferrite 
is a definite help in this regard.” Several 
applications have been noted in which 
hot short cracking of 347 occurred and 
it was determined that it was a misap- 
plication and that 347 was not needed 
for corrosion resistance. In such cases 
hot short cracking has been combated 
by using Type 309 (25-12) rod. It has 
been observed that crater cracks at the 
ends of welds, or possibly a slight dif- 
ference in corrosion resistance of weld 
metal in the crater, occasionally can 
start severe corrosion.” 

Thielsch™® has published a very com- 
prehensive paper on the welding of 
stainless steels. 

An excellent summary of the princi- 
ples of design, fabrication and installa- 
tion to acquire optimum performance of 
stainless steel equipment was published 
by Collins.’ In addition to the standard 
considerations with regard to notches 
and crevices, it is important not to have 
excessive cold work in vessels of welded 
construction. Excessive cold work may 
result in cracking during the welding 
process. It has been suggested that the 
tendency to cracks and warpage on 
welding is a function of the superficial 
hardness. Superficial hardness tests in- 
dicating values greater than 70 on the 
30 T scale are considered to be exces- 
sive and may lead to welding difficul- 
ties, whereas superficial hardnesses of 65 
or less on the same scale are considered 
acceptable. For pressure vessels, certain 
limitations are sometimes put upon the 
degree of cold working allowed before 
annealing should be specified, 


Fabrication Method Important 


The mode of fabrication apparently 
has some effect upon the extent to 
which the metal will be sensitized. For 
instance, it shoud not be assumed, be- 
cause one has welded stainless steel, 
that sensitization has in fact taken place 
alongside the weld. As indicated by a 
survey by the Chemical Industry Ad- 
visory Board of the American Stand- 
ards Association, the extent to which 
stainless steel is sensitized on welding 
is dependent upon the thickness of the 
metal and the welding technique used. 
It has been observed that sensitization 
often is worse in the thinnest sections, 
although the contrary has been reported 
occasionally. 

It might be expected from the con- 
cept of severity of quench that very 
thin sections are less adapted to remove 
heat from the heat-affected zone, whereas 
in plates of greater thickness heat is 
more readily conducted away so that 
one approaches the severity of quench 
of a typical water-cooling effect. It has 
been reported in the literature that sen- 
sitization of weldments can be mini- 
mized by water-quenching the welds as 
they are made, provided rapid cooling 
is effected within two minutes from the 
time of deposit of the bead. At the 
writer's laboratory an attempt was 
made to determine whether or not such 
quenching had any effect during the weld- 


(Continued on Page 144) 








October 





October, 1957 TECHNICAL TOPICS 


eter Uo ager Ua a TITANIUM 


METAL MENG 


CORROSIVE MEDIA Sree ae" eee 
ZIRCONIUM TITANIUM 

Sulfuric Acid excellent to good 0d belov 

below 80 

excellent excellent 

ceca tcraye good below 10 

Ac lien Comes aoe g 

below 85 

Chromic Acid excellent excellent to good 

Aqua Regia poor excellent 

Nano) gine ersks stool § Co Cored teaah 

elimi eles yee evan excellent 

Sodium Hydroxide good below 90 good below 50 

tage ele al soley CoCr iLt 

Calcium Chloride eaaoctitci aie a aesl i tslant 

Cupric Chloride aol) excellant 

Sodium Chloride Sansa clan excellent 

Ammonium Chloride excellent excellent 

Aluminum Chloride ocean excellent to fair 


Thea oma veal 
Hydrochloric Acid 
mi OLielalom Celle 


Corrosion resistances of zirconium and titanium to typical chemicals 
are shown above. 


At right is a steam jet made of zirconium which has given trouble-free 
performance after a year in hydrochloric acid service. For com- 
parison, a throat piece from a steam jet made of cast iron is shown 
after only a week of similar service. 
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The use of zirconium, titanium, or alloys of 
these metals now makes it possible to fabri- 
cate equipment that is corrosion-resistant 
to almost every substance encountered in 
industry. Even with such difficult-to-handle 
chemicals as chlorides and oxidizing acids, 
equipment can have extremely long service 
life. Problems of product contamination in 
chemical and food processing can be virtu- 
ally eliminated. 

Costs are cut in two ways. Direct maintenance 
costs are lowered, but even more important, 
costly downtime for the replacement of equip- 
ment can be avoided. These savings can more 
than compensate for the relatively high ini- 
tial investment. 

At the moment, equipment can be fabri- 
cated from titanium for about twice the 
price of stainless steel with even lower costs 
anticipated in the near future. When volume 
production is reached, commercial grade zir- 
conium will probably cost only 50 to 75% 
more than stainless steel. 


Wider application of these metals at rea- 
sonable cost is made possible by increased 
production and improved techniques provided 
by new U.S.I. facilities. By the end of this 
year, U.S.I.’s new titanium plant will add 
5,000 tons to the nation’s annual output. The 
new U.S.I. zirconium plant at Ashtabula, 
Ohio, employing a sodium-reduction process, 
will be able to supply 1,000,000 pounds of 
zirconium platelets to industry in 1958, in 
addition to meeting Atomic Energy Com- 
mission commitments. 

If you have a corrosion problem, it will 
pay you to investigate the advantages of 
using these new metals. For more informa- 
tion, write to Bill Greenleaf, Manager of 
Metals Development. 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N.Y. 
Branches in principal cities 
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Use of Stainless— 
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ing of 316 in thicknesses up to %-inch. 
Results showed none of the specimens, 
whether water-quenched or as-welded 
to be susceptible to intergranular attack 
in qualification tests. On the other hand, 
tests conducted on pipe at the South 
Charleston laboratory of Union Carbide 
Chemicals Company definitely indicated 
that sensitization was occurring on each 
side of the weld and that water-quench- 
ing was not effective. The writer in- 
clines to believe there are no adequate 
quantitative data on this matter and 
that there is little likelihood adequate 
data can be obtained because welding 
remains an art rather than a science. 
Again, this problem is perhaps not of 
the magnitude ascribed to it by many 
because, if sensitization is known to be 
a factor in a given process, it is wise to 
use extra low carbon or columbium 
stabilized grades of stainless in the first 
place. There is some reason to believe 
also that adequate investigation of the 
likelihood of sensitization in a given 
process stream probably would effect as 
great a saving of columbium, titanium 
and tantaium as could be accomplished 
by investigating the techniques of weld- 
ing to minimize weld decay. 
Repair of Pump Shafts 

An interesting problem arises some- 
times in connection with the repair of 
stainless steel pump shafts, It is quite 
common, for instance, to find that an 
alloy stainless steel pump shaft has been 
deteriorated by corrosion in such a 
fashion that it must be replaced. So it 
sometimes is desirable to weld a new 
stub end to the shaft rather than to 
replace it all. Difficulties have been en- 
countered, particularly with the high 
alloyed chrome -nickel-copper-molybde- 
num metals, in this type of application. 
Attempts to weld 316 stub ends to these 
super alloys frequently results in crack- 
ing failures in the fusion zone between 
the weld and the super-alloy stainless. 
This has been minimized by using a 
technique of buttering both the stub 
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Figure 12—Insert and slip-in field corrosion racks. 


and the end of the alloy shaft before 
welding. However, more recently it has 
been found that the new alloy rod mar- 
keted by the International Nickel Com- 
pany under the name “Inco Rod A” has 
superior characteristics for the welding 
of such dissimilar metals. Prior to the 
use of Inco Rod A, the best technique 
available consisted of buttering the stub 
end of the 316 and the higher alloy 
material and welding with a Type 310 
rod. In this case, tensile strengths of 
the order of 55% of the super alloy 
material were effected. When similar 
welds are made between 316 and the 
high alloy stainless using an Inco Rod 
A, strengths in the weldment approach 
95% of the ultimate strength of the 
chrome-nickel-copper-molybdenum alloy. 


Corrosion Testing 

A few remarks are in order about 
techniques of field corrosion testing of 
stainless steel for the chemical indus- 
tries. Many companies supply specimens 
in a standard size which facilitate com- 
putation of corrosion rates in terms of 
milligrams per square decimeter per 
day. The writer’s experience with these 
specimens is that they often are un- 
handy if entry is to be made into exist- 
ing equipment. In cases where the 
specimens are exposed on spool type 
racks, this is a small matter because 
such racks usually are installed and re- 
moved only at times of major shut- 
down. Frequently, however, it is neces- 
sary to provide easier means of entry 
into process equipment, 


Nuts @ Rods @ Ta Wire @ Insulators 
Teflon Tape 
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Specimens on the order of 1%-inch 
OD to 1%-inch OD suffice for 95% of 
the writer’s test work. Such specimens 
made with a 46-inch diameter hole ca 
be supported readily on corrosion rack; 
fabricated from %-inch rod and covere:l 
with %-inch Teflon insulation. The 
also are small enough for entry int» 
pipe or nozzle apertures as low as 1¥ 
inch tubing. For smaller apertures 
sometimes is necessary to prepare cor- 
rosion specimens from lengths of cot 
denser tubing. 


The conviction is reiterated tha 
welded specimens accomplish very litt] 
unless the aim is to learn somethin 
about characteristics of a weld deposi 
on the metal. For purposes of studyin; 
heat effects the writer prefers to dupli 
cate the anticipated heat treatment or 
even better, to maximize it. For example 
in studying the effect of sensitizatior 
following procedure is recommended 
Specimens of the stainless steels to be 
tested should be prepared as corrosion 
coupons and heat treated for two hours 
at 1250 F. As reported by Binder, 
Brown and Franks” this should effect 
maximum sensitization. In the event a 
specimen so treated does not show sig- 
nificantly greater corrosion than that 
which occurs on a properly annealed 
specimen, it is concluded that sensitiza- 
tion phenomena will not be encountered 
in the process. This criterion has been 
used successfully for many years and 
has yet to be found unreliable. 

It is necessary occasionally to run 
field corrosion tests on susceptibility to 
stress corrosion cracking. This may be 
done with U-bend specimens, beam 
type specimens or specimens specifically 
fabricated from crushed condenser tub- 
ing, One difficulty with such tests is 
that hot wall effects which frequently 
contribute to stress corrosion cracking 
failures in service cannot be duplicated. 
Nathorst™ has published a dissertation 
on the suitability of the U-bend speci- 
mens in such investigations. 

Two of the techniques used for field 
corrosion testing are illustrated in Fig- 
ure 12. The top rack is designed for 
insertion in an unused pressure vessel 
nozzle. It allows fairly ready removal 
of the rack without actually effecting 
entry into the vessel proper. On the 
other hand, it requires that the equip- 
ment be out of service if it is inserted 
or removed. The bottom rack is typical 
of those used for many investigations in 
which it is essential that corrosion rates 
be studied over a definite period of time 
and when it is necessary to get in and 
out of the operating equipment without 
shutting it down. It consists essentially 
of a flange, a recessed area for the cou- 
pons, a packing gland arrangement 
made from the bonnet of a %-inch 
stainless valve and a long rod with the 
specimens mounted on the end. By 
mounting a gate valve to a spare noz- 
zle, it is possible to attach this rack to 
the equipment, or take it off, without 
taking the equipment out of service. 
The rack is bolted to the valve, the 
valve opened and the specimens on the 
rod slid into the operating equipment 
for exposure. They can be removed at 
any time regardless of operating condi- 
tion. This type of rack is, of course, 
limited to relatively low pressure serv- 
ices, For high pressure services it is 
possible to effeect similar rigs using a 
“Scotch Nipple.” However, in such an 

(Continued on Page 146) 
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Another plant tames sulphuric acid 
with [arpenter Stainless No. 20 and No. 20Cb 


These super corrosion-resistant alloys are available in 
tubing, pipe, sheet, plate, bars, strip, wire and billets to 
meet your exact requirements. 


An automatic sulphuric acid dilution system, with 
Carpenter Stainless No. 20 and No. 20Cb preventing 
corrosion at critical points, is cutting acid costs and 
reducing dangerous acid handling for a Tennessee tex- 
tile plant. Savings with the system in its first year of 
operation equaled the total initial cost. Carpenter No. 20 
and No. 20Cb control corrosion attacks of H,SO, 
concentrations up to 23% in a cutting tank (shown 
above), piping and pumps. 


Whether you have sulphuric acid solutions or other 
strong corrosives to handle, see how Carpenter Stainless 
No. 20 and No. 20Cb can help you cut corrosion costs 
by keeping acid handling equipment on the line longer. 


Write for a copy of the 
Carpenter Stainless No. 20 
and No. 20Cb handbook 
containing physicals, cor- 
rosion resistance and fab- 
rication data. 


See your nearest Carpenter Distributor for full infor- 
mation and help on your particular application for 
Carpenter Stainless No. 20 and No. 20Cb. 


The Carpenter Steel Company, 
Alloy Tube Division, Union, N. J. 


Stainless No. 20 & No. 20Cb 


Carpenter No. 20 bars, strip, wire and billets are available also from The Carpenter Steel Company, Reading, Pa. 








Use of Stainless— 
(Continued From Page 144) 


event one is limited as to the number 
of specimens which may be employed. 


Conclusion 

Not many years ago stainless steel 
was considered to be something of a 
wonder metal. In many applications 
today the engineer finds himself in a 
position of wondering what on earth is 
going to happen to it next. The per- 
formance of stainless steel in chemical 
process service is contingent upon 
proper selection. Poor performance usu- 
ally follows improper selection, careless 
fabrication procedures and/or opera- 
tional changes without adequate study 
of their effect. 

Specifications are no substitute for 
common sense. Many times precious 
alloy components are wasted because 
the project engineer insists upon going 
“first class.” In other cases, intolerable 
delays are brought about by insisting 
upon requirements which have no valid 
relationship to the service conditions. 

In conclusion, it is noteworthy that 
some very excellent theoretical research 
work has been done on the characteris- 
tic corrosion reactions of the stainless 
steels, but a great deal more is needed 
before the mechanisms of stress corro- 
sion cracking can be understood or be- 
fore adequate palliative measures can be 
established. On the other hand, there is 
perhaps an even greater need for good 
field corrosion work, because data are 
so difficult to transpose. It is essential 
that actual problems be studied in the 
field by corrosion men who understand 
the effects of thermal, mechanical and 
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chemical treatment of the metal. Prob- 
ably the greatest gaps in knowledge 
result from this dearth of good techni- 
cal me nworking at plant level. 
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DISCUSSION 


By John A. Manning, Celanese Corpo- 
ration of America, Charlotte, North 
Carolina. 

The author implies a possible superior 

resistance of Type 329 stainless steel 

and of highly austenitic stainless steels. 

Recent tests of ours in a severe stress 

corrosion cracking environment consist- 

ing of methylene chloride-steam at 220 

F indicates no significant difference in 

resistance to attack among: 
304 
304 ELC 
316 
17-14 Cu, Mo 
317 
309 
310 
321 
329 
Krupp V4A Extra (Hi Ni) 

Remmanit 1880 St (Hi Ni) 

347 


Firth FDP 


Only alloy Carpenter 20 and Nionel 
show freedom from cracking but are 
susceptible to pitting attack. 

The author mentions the effect of 
oxygen and inhibitors and may wish to 
include as a reference: Stress Corrosion 
of Austenitic Stainless Steels in High 
Temperature Waters. W. Lee Williams 
and John F. Eckel. ASNE Journal, Pages 
93-104 (1956) Feb. which indicates highly 
beneficial results from oxygen scavenging. 





NOVEMBER TOPICS 

Controlling Corrosion of Textile Mill Air Con- 
ditioning Equipment by J. Stanley Living- 
stone. 

Chemical Surface Preparation of Structural 
Steel After Erection by Christopher D. 
Coppard, John H. Lawrence and Henry W. 
Adams. 

Epoxy Coatings Perform Well on Steel Exposed 
to Chemicals, Corrosive Atmospheres by 
William M. Brackett. 
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1%” ID Style 39, show- 


j The two major causes of corrosion: stray d-c electric current 
ing two-bolt construc- ; 


p et soul ‘ issimile atals cz 2 Cc r ; King ctri 

ic: Seamed tarane and dissimilar metals can be controlled by blocking off electric 

thru 2”. current and preventing its flow from one pipe length to another. 
Proved in fifty years of service, Dresser Style 39 Couplings 
have rubber insulating gaskets compounded to assure optimum 


6” ID Style 39, show- , ra insulation and long life. The tough, inert Nylon 
ing construction sup- r Insulator is resistant to acids, alkalis, drip oils . . . will not swell. 


plied for this size. Note 


LOWER COST, EASIER INSTALLATION 
Dresser Style 39 Couplings are lower in cost and easier to 
install than insulating flanges. No painstaking pipe fitting, no 
-— — cutting, welding, or lining up bolt holes is involved. 
This new Dresser green Ny- Installation time — a matter of minutes. And most important, 
lon Insulator will be supplied Dresser Couplings absorb normal pipe movement without 
i i lati - . ‘ ‘ in 4 
pohsiactsorsohicenge ea leakage and without disturbance of insulating qualities. Write 
plings and fittings. Gives all- sll os : 

today for catalog describing Dresser Corrosion Control Products. 


insulating gasket. 


around improved efficiency. 


DRESSER: CORROSION CONTROL PRODUCTS 


Dresser Manufacturing Division, 89 Fisher Ave., Bradford, Pa. Warehouses: 1121 Rothwell St., Houston; 101 S. Airport 
Blvd., S. San Francisco. Sales offices also in: New York, Philadelohia, Chicago, Denver, Atlanta, Toronto and Calgary. 
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Sticks at a touch 
to curves and contours 


Irregular fittings on small pipes of mixed diameters 
are easily wrapped with the proper widths of ‘“‘SScotcH- 
RAP.” This smooth, tough tape conforms tightly to 
elbows, flanges, and welded beads, as well as long lengths 
in all diameters. Pressure-sensitive ‘‘SCOTCHRAP”’ is 
super-strong polyvinyl chloride plastic tape in rolls. 
Available in seven standard widths from 1 to 18 inches. 
“The quality pipe protection that rolls on dry.” 


Reg. U.S. Pat. Off. 


SCOTCHRAP 


BRAND 


PIPE INSULATION 


The term “Scotcurap” is a registered trademark of Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. Export Sales Office: 


99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 


Look what you can 
do with "ScotcHrap”! 


54-INCH circulating water lines 
are easily protected against cor- 
rosion by wrapping with wide- 
width ‘“‘ScotcHRAP.” Tape is 
clean, easy, safe to use; no heat 
or special equipment necessary. 


QUICK, easy application of 
“ScOTCHRAP” to long lines of 
welded pipe expedited by use of 
Betzel ““Tapester.’’ Permits con- 
tinuous insulating with smooth, 
tight result. 


y 


TOUGH “ScoTcHRAP” easily 
withstands abrasions of rough 
fill. In event of tearing or acci- 
dental rupture, simple patch 
repairs the damage. For further 
information, write 3M Co.. St 
Paul 6, Minn., Dept. BQ-107. 
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1. GENERAL 
1.6 Books 
1.6, 3.1,:5.1 


Corrosion—A Symposium. Book, 1956, 
609 pp. The Committee of the Symposium 
on Corrosion (H. K. Worner, Chairman), 
Metallurgy School, University of Mel- 
bourne, Carlton N. 3, Victoria, Australia. 

Papers presented during the symosium 
held at the Engineering School, Univer- 
sity of Melbourne, November 28-Decem- 
ber 2, 1955. 

The book is divided into three sections: 
Fundamentals, Prevention and Corrosion 
in Industry. The first section includes 10 
articles on various problems related to 
fundamental corrosion processes and 
testing methods. The section on preven- 
tion includes eight papers on coatings, in- 
hibitors, cathodic protection, ship corro- 
sion and external corrosion of gas mains 
and utilities. The third section includes 
papers on aircraft, chemical, gas, paper, 
petroleum and power industry corrosion 
problems. 13020 





2. TESTING 





2.1 General 





2.1.1, 3.5.8, 1.6 


Effect of Fatigue Stress History on 
Elasticity Properties and Stress Distri- 
bution Under Rotating Bending. L. C. 
LipstroM AND B. J. Lazan, University of 
Minnesota. U. S. Wright Air Develop- 
ment Center, August, 1956, 55 pp. Avail- 
able from: Office of Technical Services, 
U. S. Dept. of Commerce, Washington 
25, D. C. (Order PB 121523). 

An analytical method is described for 
determining the actual or specific stress- 
strain relationship from the moment-strain 
data of rotating beam fatigue specimens. 


The method is used for calculating the 
specific stress-strain relationships for 
mild steel. Data are presented on the 
effect of fatigue stress amplitude on the 
stress-strain properties of mild steel un- 
der axial (tension-compression) stress. 
The significance of the changes in modu- 
lus properties on the stress distribution 
in a rotating beam are discussed. Errors 
associated with nominal stress based on 
the accepted linear stress-strain relation- 
ships are also analyzed. Fatigue data on 
solid and hollow rotating beams under 
axial stress show poor agreement (12 to 
30%) when compared on the basis of 
nominal stress. When compared on the 
basis of specific or true stress, deter- 
mined by the methods given in the re- 
port, agreement is good ( 3 to 7%). 12947 





2.3 Laboratory Methods 





2.3.2, 4.2.7, 5.4.5 

Tropical Deterioration of Automobile 
Paint Finishes. A. J. Bircu. Product 
Finishing, 9, No. 1, 50-64 (1956). 

The behavior of car finishes during 
tropical exposure in S. Africa (Durban 
and Salisbury) and at Singapore is com- 
pared with results obtained in the author’s 
accelerated weathering appartus. The 
performance of these paints varies mark- 
edly with climate; the accelerated weather- 
ing test appears to reproduce the be- 
havior in the hot, wet Singapore climate. 
A special durability test for wood finishes 
which involves irradiation under humid 
conditions through a glass screen is 
described. Tests of the effect of plastic 
car covers on blistering and of stoving 





in contact with rubber are also dis- 
cussed.—RPI. 12733 
2.3.2, 54:5 


Laboratory Studies on Anticorrosive 
Paints. M. TarsouriecH. Peintures, Pig- 
ments, Vernis, 32, No. 6, 506-514 (1956). 


An accelerated test cycle for rust- 
inhibitive paints comprises immersion in 
running water, subjection to —I15C to 
steam, to sulfur dioxide and to ultra 
violet radiation in moist air, in each 
case for 30 minutes. The paints are 
coated on both steel and glass panels, 
and the weight changes with time 
followed. Comparisons of the curves 
permits conclusions on the inhibitive 
properties of pigments and media. A 
collection of data is given relating to 
alkyd, bituminous and emulsion media, 
mica, lead cyanamide, red lead and zinc 
dust pigments.—RPI. 13413 





2.3.7 


Measurement of the Thickness of 
Thin Films by Multiple-Beam Interfer- 
ence. C. WEAVER AND P. BENJAMIN. 
Nature,177, No. 4518, 1030-1031 (1956) 
June 2. 

The film, the thickness of which is 
to be measured, is deposited on a sub- 
strate, part of which is covered to give 
a sharp edge to the film. An opaque 
metallic reflecting layer is then depos- 
ited over the edge of the film. The step 
in this overlayer is measured by using 


149 





it as one surface of an interferometer 
and viewing the multiple-beam fringe 
system in reflection. Provided that the 
overlayer assumes the exact contours of 
the surface this stepheight will give the 
thickness of the film underneath. Ex- 
periments were carried out on the meas- 
urement of the thickness of thin silver 
films using both silver and chromium as 


the overlayer material. Illustration.— 
ALL, 12639 
2.3.7, 2.4.2 


Corrosion-Fatigue Testing in Highly 
Corrosive Media. W. P. McKINNELL, JR., 
F. H. Beck anp M. G. Fontana. News 
in Eng. (Ohio State Univ.), 28, No. 4 
28-32 (1956) Nov. 

Description of corrosion-fatigue testing 
machine. Graph shows corrosion-fatigue 
of titanium and 17-7 PH stainless in 
white fuming nitric acid at room tem- 
perature. Complete corrosion-fatigue stud- 
ies of materials can be made with apparatus, 
taking into consideration the variables 
of testing speed and solution tempera- 
ture as well as solution composition and 
strength. Diagrams.—INCO. 13294 





3. CHARACTERISTIC 
CORROSION PHENOMENA 





3.5 Physical and Mechanical 
Effects 





3.5.8, 6.4.2, 4.2.4 

Failure of Aluminium Alloy Fan 
Blades. J. P. Huco. S. African’ Mech. 
Eng., 5, No. 9, 371-381 (1956) April. 

Investigation of the failure (after 15 
months’ use) of cast aluminum-5 silicon 
ventilation fan blades operated at 580 
rpm. Metallographic examination and 
other tests showed that the basic cause 
oi failure was corrosion fatigue resulting 
from the presence of mine water in the 
atomosphere.—BNF. 13106 


3.5.8, 7.6.4 

Report of the Investigation of Two 
Generator Rotor Fractures. C. ScHast- 
ACH, E. L. FocLEMAN, A. W. RANKIN AND 
D. H. Wryne. Paper before Am. Soc. 
Mech. Engrs., Power and Metals Eng. 
Div., Ann. Mtg., Chicago, November 13-19, 
1956. Trans. ASME, 78, No. 7, 1567-1581; 
dise., 1581-1584 (1956) Oct. 

Report of extensive investigation of 
recent fractures of the Arizona and the 
Cromby generator rotors. Nature and 
circumstance of burst, forging manufac- 
ture and properties, metallurgical exami- 
nation of rotor material, and material- 
fracture characteristics are discussed for 
each case. Rotors were made from high- 
strength 2.50 nickel-0.40 molybdenum-0.03 
vanadium steel. Results are given of 
notched-bend tests and relationship of 
notched-bend and Charpy V-notch impact 
tests are discussed. Both bursts were 
caused by unusual and severe stress con- 
centrations combined with material charac- 
teristics. In Arizona rotor stress concen- 
trations were created by numerous internal 
cracks in body of forging. In Cromby 
rotor, stress concentrations were caused 
by row of holes drilled and tapped in 


1994 
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rotor body for attachment of repair 
studs. Alloy segregation contributed to 
cause of both bursts. Hydrogen content 
of rotors lowered ductility significantly 
but was not the cause of brittle nature 
and rapid propagation of fractures. Tables, 
graphs, macro- and micro-photographs. 


—INCO. 13057 


3.5.8 

Fracture in Metals. N. F. Morr. J. Jron 
Steel Inst., 183, No. 3, 233-243 (1956) 
July. 

Ninth Hatfield Memorial Lecture, May 
16th, 1956. Author discusses in detail 
ductile and brittle fracture in terms of 
dislocation theory, the latter with refer- 
ence to ferrous metals and fatigue. 55 
12838 


references.—BNF. 
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3.5.8- 

Full Scale Fatigue Tests of Diesel 
Engine Elements. P. E. WreENE. Trans. 
Inst. Marine Engrs., 68, No. 3, 39-46 
(1956) March. 

Although this paper deals exclusively 
with experience with steels and cast 
irons there is much useful information 
on the effects of stress-raisers and the 
methods which can be used to mitigate 


these effects—BNF. 12646 
3.5.8, 1.6 

Colloquium on Fatigue, Stockholm, 
May, 1955 (International Union of 
Theoretical and Applied Mechanics 


[IUTAM]). W. WerpsuLt anp F. K. G. 
Opegvist, Editors. Book, 1956, 339 pp. Pub- 
lished by Springer-Verlag, Berlin. 

At this symposium, thirty-five papers 
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eration. Available with long-lasting selenium cells or 


space-saving silicon cells. 


FEATURES: 
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were read from twelve countries; these 
are now reprinted with discussion (19 of 
the papers are in English, 7 in French 
and 9 in German. The discussions are 
given in each case in the language of 
the speaker). Reference to the book is 
greatly facilitated by subject indexes in 
English, French and German. The book 
production and illustrations are of the 
usual high quality associated with the 
Springer establishment—BNF. 12635 


3.5.8, 2.3.7 


Brittle Fracture Propagation in Wide 
Steel Plates. W. J. Hatt, R. J. Mossors 
AND V. J. McDoNaLp. Paper before An), 
Welding Soc., Nat’l. Fall Mtg., Cleve- 
land, October 8-12, 1956. Welding J., 36, 
No. 1, 1s-8s (1957) Jan. 

Structural grade rimmed steel plates 
were tested under various conditions o 
stress and temperature (room to 0 F 
with brittle fracture initiated at an edg: 
notch by wedge subjected to impact 
Specimens were instrumented to provide 
record of strain response and _ crack 
speed as brittle fracture crossed speci- 
men. Fracture initiation studies (explo- 
sive and impact methods) and _ instru- 
mentation are described. Striking tests 
on specimens which did not fracture, 
indicate that small strain changes were 
produced by notch-wedge-impact method. 
Test records for 2- and 6-foot wide 
plate are discussed. Observations on strain 
response, crack speed and fracture ap- 
pearance are presented—INCO. 13476 





3.5.8, 2.4.3, 6.2.3 


Fatigue of Carbon Steel by Ultrasonic 
Flaw Detection Method. H. YAMANOUCHI 
AND T. INuKAt. Repts. Castings Res. Lab., 
Waseda Univ., No. 7, 55-58 (1956) Oct. 

Reports results of fatigue progress in 
carbon steel using an ultrasonic flaw 


detector. Values of ultrasonic attenua- 
tion constant in mild steel under fatigue 
vary with repeated stress intensity and 
stress cycle; values increase in propor- 
tion to stress cycle but transition point 
exists on the way.—INCO. 


13449 


3.6 Electrochemical Effects 





3.6.2, 4.6.7, 6.2.2 


Tuberculation of Tar-Coated Cast 
Iron in Great Lakes Water. THURSTON 
E. Larson, R. V. SKoLD AND E. SAVINELLI. 
J. Am. Water Works Assoc., 48, Pt. 1, 
1274-1278 (1956) October. 

Electrical measurement; 
galvanic effect—BTR. 


roughness; 
13160 


3.6.5, 3.8.2 


The Surface Potential of Metals and 
the Galvani Potential of Metal/Solution. 
(In German.) PAut Ruetscui. Z. Elektro- 
chem., 60, No. 1, 29-31 (1956). 

The Galvani potential difference be- 
tween two phases A¢ is the sum of the 
Volta potential difference Ay, a measur- 
able quantity, and the surface potential 
difference Ax. A method is given for 
finding the surface potential difference 
by applying a theoretical thermodynamic 
cycle in which a molecule of alloy metal 
is separated by infinite dilution, evapo- 
rated, ionized, the positive ions and 
electrons returned to the alloy and in 
the alloy reunited to equilibrium. From 
this the exit energy of foreign metal 
ions @,=—=—A-+S + J—¢—J’, where 


A = mixing energy, S= sublimation en- 
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ergy, J = ionization energy, ¢ = electron- 
exit work from the solution, J’ = ioniza- 
tion work in the alloy. For alkali metals 
the further equation has been derived— 
Cy C 
a;= + 
tte 





; —P, where r= atomic 
radius of added element, C; and C: are 
constants and P = surface potential. Us- 
ing known values for lithium, sodium, 
potassium, rubidium and cesium, for the 
case of dilute amalgams the surface po- 
tential of mercury is calculated. It is 
found to be probably <0.2 v. and the 
Galvani potential of mercury/solution 
is not far from zero. The Galvani poten- 
tial difference mercury/solution against 
a N-calomel electrode is found to be 
between 0.5 and 0.7 vy. 18 references.— 


MA. 13371 





3.7 Metallurgical Effects 





3.7.3; 2.3.7 


Development of a Ferritic-Austenitic 
Weld Joint for Steam Plant Application. 
J. T. Tucker, Jr. AND F. Eperte. Paper 





Vol. 13 


before Am. Soc. Mech. Engrs. Metals 
Eng. Div. Conf.—Am. Welding Soc. 
Nat'l. Spr. Mtg., May 7-11, 1956. Weld- 
ing J., 35, No. 11, 529s-540s (1956) Nov. 

Thermai-cycling tension test gives 
realistic indication of dissimilar weld 
behavior in tubing and piping undcr 
cyclic conditions of temperature an1 
stress in steam plant service. Develo} - 
ment of the test and study of factors 
affecting dissimilar weld life are di-- 
cussed with reference to ferritic-austenit:c 
weld junctions of 2% chromium-| 
molybdenum steel joined to 18-8-niobiuin 
with 19-9-niobium electrodes. Holding tin 
at temperature (1100 F), stress-oxidatic 
at constant temperature (1100 F), cyclic 
stressing in absence of oxygen, therm 
cycling from lower temperature (105 
F) and from higher temperature (120 
F) and effect of postweld heat treat 
ment are factors considered. Satisfac 
tory welds between 2% chromium- 
molybdenum steel and _ 18-8-niobium 
capable of withstanding cyclic condi 
tions of temperature and stress, can be 
made by eliminating high thermal-ex 
pansion stresses at  ferritic-austenitic 
junction with an austenitic weld metal 
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which is highly oxidation resistant and 
which has coefficient of thermal expan- 
sion similar to that of ferritic material. 
lwo electrodes, a 50 nickel-10-chromium- 
iobium-tantalum and an Inconel BP-65 
lectrode produced equally satisfactory 
esults at 1100 F. Advantages of former 
ver the Inconel electrode include lower 
ickel content, notably higher creep- 
‘upture strength at 1100 F and higher 
-esistance to thermal cycling above 1100 

Relatively low thermal expansion 
austenitic weld metal transfers high 
thermal-expansion stresses from ferritic- 
austenitic to austenitic-austenitic junc- 
tion, where the two austenitic steels 
are better able to withstand cyclic con- 
ditions. All of oxygen barriers (caloriz- 
ing and heavy chromium plating) were 
unsatisfactory in preventing dissimilar- 
weld cracking, with exception of 80 
nickel-20 chromium overlays. Thermal 
expansion data for pertinent alloys are 
tabulated. Numerous tables, photomicro- 
sraphs.—INCO. 13389 


3.7.3) Sodee 

Hydrogen Embrittlement of Cold- 
Worked Metals. R. L. Mitts ann F. J. 
“‘DESKUTY. Univ. of California. Chem. 
ing. Progress, 52, No. 11, 477-480 (1956) 
Nov. 

Types 303, 316 and 347 stainless, car- 
yon steel and beryllium-copper were 
xamined for effect of prior cold-working 
mn susceptibility to room-temperature 
iydrogen embrittlement. Carbon steel 
-old-worked to 25-45% reduction in area 
vas permanently embrittled by absorp- 
ion of cathodic hydrogen. Presence of 
‘old-formed ferrite in austenite does not 
significantly lower resistance of stainless 
to hydrogen embrittlement. Tables, dia- 
xrams.—INCO. 13272 


3:73; Oaz 

On the Nature of Embrittlement Oc- 
curring While Tempering a Nickel- 
Chromium Alloy Steel. G. BHatr ANpD 
|. F. Lrsscu. Paper before AIME, Cleve- 
land, Oct., 1956. J. Metals (Trans. 
AIME), 9, No. 1, 20-22 (1957) Jan. 

Study of characteristics of two modes 
of embrittlement proposed in commer- 
cial nickel-chromium steel (AISI 3140). 
Data are presented that show that em- 
brittlement occurring at 925 F may be 
removed completely by reheating for 
short times and has no influence upon 
further embrittlement at 1250 F. Em- 
brittlement at 1250 F appears related to 
permanent structural change which has 
significant retarding influence upon sub- 
sequent development of embrittlement 
at 925 F. It is suggested that segrega- 
tion of solute atoms to prior austenite 
and ferrite grain boundaries may pro- 
vide explanation for two modes of em- 
brittlement. Transition temperature data 
are plotted down to —120 F.—INCO. 

13195 





3.8 Miscellaneous Principles 





3.8.2, 6.3.19, 3.7.4 

Electrode Potentials of Zinc Single 
Crystals in Aqueous Solutions. N. S. 
AKHMETOV AND G. S. VozDvVIZHENSKII. J. 
Applied Chem., USSR (Zuhr. Priklad. 
Khim.), 29, No. 8, 1197-1202 (1956). 

A relationship is established between 
the potential and crystal face orienta- 
tion. 6 figures, 20 references —ATS. 
Translation available from: Associated 
Technical Services, P. O. Box 271, East 
Orange, New Jersey. 12770 
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The S-1327 WELDER (#6 through #14 
wire) has been designed to weld a 
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Now any CATHODIC PROTEC- 
TION SYSTEM for #6 through 
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(M-108 with adapter). The 
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2070 E. 61st Place Cleveland 3, Ohio 
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3.8.3, 6.2.2 

On the Nature of the Passive Film on 
iron in Acid Solutions. (In Russian.) A. M. 
SUKHOTIN. Uspekhi Khimu (Progress in 
Chem.), 25, No. 3, 312-328 (1956). 


3.8.3, 6.3.3 


Studies in the Passivity of Chromium. 
I. The Electrodic Behavior of Chromium 
and Its Bearing on the Passivity of the 
the Metal. I. M. Issa anp H. KHALIFA. 
J. Indian Chem. Soc., 33, 465-474 (1956) 
July. 13176 


3.8.3, 6.3.10 
Passivity of Nickel: Anodic Behavior 
of Nickel-III. (In German.) G. Trump- 
LER AND W. SAXeER. Helv. Chim. Acta, 39, 
No. 6, 1733-1741 (1956). 
Passivation for pure 


nickel 


above a 


CORROSION 


x 
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certain potential barrier. Behavior of 
current in transition from an active to 
a passive state and at various potential 


levels —BTR. 13424 


3.8.4 

An Attempt at a Theoretical Inter- 
pretation of the Solubility of Metals in 
Water. (In French.) JEAN-CHARLES Pa- 
RIAUD AND PIERRE ARCHINARD. J. Chim. 
Phys., 53, No. 9, 765-769 (1956) Sept. 

Study of a limit of solubility and of 
its causes. Application of the Nernst 
equation for various metals—MR. 

13332 


3.8.4 
Stability of Ferrous Hydroxide Preci- 
tates. F. J. SHrpko anp D. L. Douctas. 
J. Phys. Chem., 60, 1519-1523 (1956) Nov. 
13372 
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3.8.4, 3.2.3 

Formation of Composite Scales Con- 
sisting of Oxides of Different Metals, 
Cart Wacner. J. Electrochem. Soc., 103, 
627-633 (1956) November. 

A theoretical analysis of diffusion 
processes during the oxidation of in 
alloy when oxides of different alloying 
elements are formed concurrently.—BT , 

13428 


— 


4. CORROSIVE ENVIRONMENTS 


4.6 Water and Steam 


4.6.2 

Corrosion in Condensate Systems Cin 
be Controlled. R. G. DarsxKe. Dearborn 
Chem. Co. Power Eng., 60, No. 8, 89-91, 
134 (1956) August. 

Oxygen and carbon dioxide dissolved 
in water are primary causes of corrosion 
in condensate systems. Oxygen-type 
corrosion is characterized by pitting of 
metal walls and can be handled by use 
of a well vented deaerating heater fol 
lowed by oxygen scavenging chemicals 
in boiler water. Carbon dioxide is the 
most common cause of return-line cor- 
rosion causing a general thinning or 
grooving of metal walls. Two basic 
chemical methods used to control corro- 
sion in return systems are ammonia and 
amines to neutralize dissolved gases and 
use of inhibitor amines which form a 
protective film on metallic surfaces. Sev- 
eral case histories of condensate corro 
sion are given. Diagrams, photos.—INCO. 

12743 


4.6.2, 2.3.4, 6.2.3 

The Corrosion of Mild Steel by High 
Temperature Water. J. N. WANKLYN. Gt. 
Brit. Atomic Energy Research Estab- 
lishment, Harwell, Berks, England, Rept. 
M/M-116, May, 1956, 8 pp. 

Methods of measuring and expressing 
the corrosion of carbon steel by high 
temperature water are discussed. Recent 
information on the influence of a num- 
ber of factors is summarized. (auth).— 


NSA. 13414 


4.6.2, 5.7.3 

The Use of Hydrazine as an Oxygen 
Scavenger in H.P. Boilers. W. F. Stones. 
Chemistry and Industry, No. 5, 120-128 
(1957) Feb. 2. 

Discussion of properties and handling 
precautions of hydrazine. Study of hy- 
drazine as a feed water deoxidant was 
carried on in boilers whose condenser 
tubes and feed heaters were of 70-30 
copper-nickel and brass. Addition of 
hydrazine 100% in excess of the oxygen 
figures, results in a fairly rapid rise in 
ammonia concentration and thus an in- 
crease in pH of the condensate. Consid- 
eration of results for ammonia, oxygen 
and hydrazine leads to conclusion that 
once a hydrazine residual is established 
in boiler, most of the excess hydrazine 
decomposes into ammonia and that boiler 
residual for a given pressure is depend- 
ent on a rise in oxygen. Therefore an 
increased quantity of excess hydrazine 
results in a slightly higher hydrazine 
residual and a rise in the ammonia con- 
centration in the steam and condensate. 
Determination of copper and iron in 
feed water is described and comparative 
costs of hydrazine and sulfite treatment 
are given. Graphs, diagrams, tables.— 


INCO. 13471 


4.6.2, 5.8.2, 5.7.3 
Re-Use of Steam Condensate as Boiler 
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Feedwater. D. E. Nott Anp H. M. Rivers. 
Hall Labs., Inc. Ind. & Eng. Chem., 48, 
No. 12, 2146-2150 (1956) December. 
Modern pretreating facilities, efficient 
aerating equipment, proper materials of 
construction, devices for policing system 
id chemicals for conditioning steam make 
yssible effective re-use of condensate as 
hoiler feedwater. Description of mecha- 
nism of corrosion by low pH, carbon 
dioxide and oxygen in condensate sys- 
tems and deposition of corrosion prod- 
ucts of iron and copper oxides is given. 
ise of sodium sulfite and hydrazine as 
oxygen scavengers and steam condition- 
ing by addition of ammonia or neutral- 
izing and filming amines are discussed. 
Diagrams, photos. 14 references.—INCO. 
13303 


4.6.2, 7.6.4 

Water Treatment for Boilers: Natural 
Controlled Circulation, Once-Through. 
kt. C. Utmer. Paper before Penna. Elec. 
Assoc., Fall Mtg., Hicksville, L. I, 
October 18, 1956. Combustion, 28, No. 6, 
61-66 (1956) Dec. 

Discussion of design of modern boil- 
ers with emphasis on general circulation 
and problems and goals for water treat- 
inent. Preboiler corrosion leading to de- 
sosits is due to low pH and/or dissolved 
oxygen in the preboiler system, Other 
types of attack are general and localized, 
r pitting. Acid cleaning eliminates pres- 
ent deposits; new ones are eliminated 
through use of proper preboiler treat- 
nent. Prevention of boiler corrosion by 
»H control, maintaining dissolved oxy- 
en at a low value and maintaining an 
excess of reducing agent, sodium sulfite 
or hydrazine in the system is discussed. 
Photomicrographs, graphs, tables, 19 
references.—I NCO. 13363 


4.6.4, 3.3.4, 5.7.9 

Biological Fouling in Recirculating 
Cooling Water Systems. J. J. MAcurre. 
W. H. & L. D. Betz. Ind. & Eng. Chem., 
48, No. 12, 2162-2167 (1956) Dec. 

Discussion of use of chlorine, bromine, 
chlorinated phenols, copper salts and 
qarternary ammonium compounds to 
prevent interference with heat transfer 
caused by slime and algae in recirculat- 
ing cooling water systems. Photos, tables. 


—INCO. 13290 


4.6.4, 7.4.1, 6.6.11 

A Case History in Cooling Water 
Treatment. C. J. HoLtanp, Jr. AND W. A. 
TANZOLA. Corrosion, 13, No. 4, 257t-262t 
(1957) April. 

The problems of corrosion and tower 
wood deterioration are commonly en- 
countered in recirculation cooling water 
svstems. At the Delhi Natural Gasoline 
Plant in Louisiana the concurrent pres- 
ence of these two problems resulted in 
plugging of heat exchanger tubes and 
in high metal loss throughout the sys- 
tem. The corrosive potential of the wa- 
ter was aggravated by “fiber throw” in 
the water caused by serious deteriora- 
tion of the tower wood. The “fiber throw” 
enmeshed with corrosion products created 
cell action which produced serious pit- 
ting and tuberculation. 

A program of treating the water was 
undertaken both to minimize the attack 
of the wood and to prevent corrosion. 
Effectiveness of the treating program 
was followed by corrosion studies to 
evaluate the benefits of each step taken. 
Initially, rather high treatment concen- 
trations were necessary to keep corro- 
sion under control. But as the clean-up 
program to aid in freeing the system 
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of corrosion products and fiber took 
effect, the corrosion load was reduced, 
which permitted good control of corro- 
sion with normal treatment concentra- 


tions. 13445 


4.6.5, 6.4.2 

Corrosion of Type 2S Aluminum in 
Distilled Water. G. M. INMAN Anp J. J. 
SHyNE. North American Aviation, Inc., 
Downey, Calif. U. S. Atomic Energy 
Comm. Pubn., NAA-SR-Memo-26, April 
10, 1951 (Declassified April 13, 1956), 15 
pp. Available from: Office of Technical 
Services, Washington, D. C. 

Corrosion of 2S aluminum in contact 
with distilled water at room temperature 


CONTINUOUS 
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STANDARDS 
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presented an unexpected and _ serious 
problem during experiments with an ex- 
ponential assembly. Effective coatings 
were developed for the aluminum tubing 
surfaces affected, which could provide 
protection against corrosion up to at 
least 80 C. The coatings have safely low 
neutron absorption cross sections. The 
probable mechanism of corrosion is 
briefly discussed. (auth).—NSA. 13179 


4.6.6 

Water Treatment for Urban Build- 
ings. S. SussMAN. Water Service Labs., 
Inc. Consulting Engr., 9, No. 1, 71-74, 76, 
78 (1957) Jan. 

Most public water supplies along heavily 


x 
INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas—Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAInut 6-1771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas----Phone: 5-8311 


MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 


RIO FUEL & SUPPLY CO., INC. 
Morgan City, Louisiana 
Phone: 5033—3811 


ROSS-WADICK SUPPLY COMPANY 


Harvey, Louisiana 
Phone: FIllmore 1-3433 


MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida --Phone: 2-4278 


Send for a complimentary 
copy of our recently re- 
vised booklet ‘The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all 
marine maintenance. 


International Paint Company, Ine. 


Offices: 
New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: Plaza 6-1440 
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populated Atlantic Seaboard are corro- 
sive. With ferrous piping, including gal- 
vanized iron and steel, an unsightly rusty 
water condition can develop within 6-12 
months in hot water systems, followe! 
by clogging of pipes and developmen 
of leaks in pipe wall. Two methods use:! 
for protection of piping systems in urba 
buildings are neutralizing filters and ad- 
dition of soluble, nontoxic corrosion in- 
hibitors. Magnesium anodes sometimes 
are used for preventing corrosion cf 
certain pieces of water handling equiy 
ment in buildings and are effective wit 
waters of high mineral content. Treat- 
ment methods are recommended for air 
conditioning units, swimming pools, 
sprinkler systems and hydraulic eleva- 
tors. Photos, tables, 25 references.—INCO. 
13183 


4.6.8, 7.3 

Corrosion Problems in Pumping Acid 
Mine Water. C. D. CLARKE AND G. REIN 
BERG. Paper before Am. Inst. Mining 
Met. Eners., New York Mtg., Feb., 1956 
Mining Eng., 8, No. 8, 821-825 (1956 
August. 

Stray currents that cause corrosion 
are direct current and are encountered 
in mines using direct current haulage 
systems. Acid mine waters are good 
electrolytes and provide favorable environ- 
ment for galvanic corrosion. Insulating 
pump adequately from stray currents 
also insulates it from possibility of ac- 
tion from adjoining and connected equip- 
ment. Galvanic action within the pump 
cannot be controlled; equipment must 
be entirely of similar metals if such 
corrosion is to be avoided. Diagrams.— 
INCO. 12757 


4.7 Molten Metal and 
Fused Compounds 


4.7, 6.3.10, 3.5.3 

The Corrosion and Erosion of Nickel 
by Molten Caustic Soda and Sodium 
Uranate Suspensions Under Dynamic 
Conditions. J. N. Grecory, N. Hopce Anp 
J. V. G. Irepate. Gt. Brit. Atomic Energy 
Res. Establishment, Harwell, Berks, Eng- 
land, Rept. C/M-273, March, 1956, 24 pp. 

Compared with that measured under 
static conditions, the corrosion rate of 
nickel in molten caustic soda under 
dynamic conditions is approximately 10 
times as great. The addition of sodium 
uranate increases this further by a factor 
of 3 at 600C although at 500C the uranate 
has no effect. The operation of thermo- 
syphon loops containing molten caustic 
soda has revealed some of the difficulties 
and limitations of the system. Under an 
inert gas atmosphere at temperatures 
above 600C mass transfer of nickel causes 
complete obstruction of the flow in a 
few weeks, while at 500C, blocking oc- 
curs after about 200 days. In these cases 
the mass transfer deposit is a higher 
oxide of nickel whose composition is 
complex, but approximates to nickel 
sesquioxide. Under a hydrogen atmos- 
phere, loops are slower to plug than those 
operated under an inert atmosphere at 
the same tempcratures and here the de- 
posit is found to be pure nickel. (auth) 
—NSA. 12803 


4.7 

Corrosion and Components Studies on 
Systems Containing Fused Sodium Hy- 
droxide. EuceENE M. Simons, Nem E. 
MILLER, JoHN H. Stanc AND C. VERNON 
WEAVER. Battelle Memorial Inst. U. S. 
Atomic Energy Comm. Pubn., BMI- 
1118, July 30, 1956, 46 pp. Available 
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The Reason?P a durable, unbreakable bond between steel and zinc, coupled with an 
exceptional ductility of coating obtainable only when the continuous 
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Photograph courtesy of 
Inland Steel Company. 
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.--but not a bit of damage 
to the galvanized surface 


galvanizing process is used. 


The Zinc’? Not just any zinc is suitable for the continuous process. It calls for a metal 
with certain desirable alloying elements, not merely under permissible 


maximums but within specified maximums and minimums. 


St. Joe’s contribution to the rapidly growing continuous galvanizing output is to match the demands for this 
special zinc by a corresponding increase in the output of St. Joe Electrothermic Zinc...the Zine that is used 
to galvanize sheet or strip that is to be subjected to severe deformation as severe as that illustrated or worse. 


ST. JOE 1S THE METAL EVERY GALVANIZING PLANT SHOULD USE. 


ST. JOSEPH LEAD COMPANY 2250 park AVENUE, NEW YORK 17, N.Y. 






INTERMEDIATE 


re ST. JOE cctiotheemic ZINC 
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from: Office of Technical Services, 
Washington, D. C. 

Information is presented from a group 
of experiments in which the corrosive- 
ness of fused sodium hydroxide (900 to 
1500 F) was examined. Cold zones of all 
nickel natural- and forced-convection 
loops in which hydrogen-blanketed so- 
dium hydroxide was circulated at peak . 
temperatures of 1200 to 1500 F with Amercoat Corporation Inside Front Cover 
temperature cycles in the range of 100 American Chemical Paint Co. 9 
to 200 F plugged severely by nickel dep- American Cyanamid Company 14 
osition in times ranging from less than American Steel & Wire Division 
10 to 200 hours. In 900 and 1050 F peak- United States Steel Corp. 105 
temperature experiments with all nickel Aquaness Department 
pumping-loop systems, considerably bet- Atlas Powder Company 15 
ter results were obtained. For example, Bart Mansfactering Corporation 146 
after 2000 hours of operation, a 900 to 131 
70 F thermal-cycle system displayed a Byers, A. M. Co. 
cold-zone metal transter of only 5 mils, Carboline Company 122 
This result indicates that, in this tem- Carey Manufacturing Co., The Philip 161 
perature range, a reasonable life for a Carpenter Steel Company, The 
sodium hydroxide flow system is possi- Alloy Tube Division Ys :« WARD 
ble, although a relatively low fluid- Cathodic Protection Service. . . 135 
temperature cycle would be required. Cherokee Laboratories. Inc. C23 117 
Several corrosion inhibitors evaluated in Corrosion Engineering Directory 118 
static capsule experiments failed to de- Corrosion Rectifying Company 2 


press the corrosiveness of 1500 F sodium C 5 ; 108 
hydroxide. One additive, magnesium ox- orrosion Services, Inc. 


ide, appeared to inhibit attack noticeably Corrosion Test Supplies Company - 144 
but its effect was far from enough to Dearborn Chemical Company........... 5 
eliminate the problem. In addition to DeVilbiss Co., The......... 98 
the corrosion work, experiments were Diamond Alkali Company ee 155 
conducted to evaluate components re- Pow Chemical Company. ... 2 
quirements for sodium hydroxide flow Dowell, Inc. 11 
systems. These indicated that the straight- 
forward engineering approaches to com- Dresser lndustries, Inc. 147 
ponents problems in large-scale flow 

systems would be generally successful, 4 Pont, E. ., de Nemours é Co., Inc...12, 13 


providing the materials problems were Duriron Company, Inc... ... . Inside Back Cover 
solved. There would, however, be a _ Erico Products Company. . , 153 
special need for extensive work on com- Federated Metals Division 

ponents that would require pressure- American Smelting & Refining Co. 107 


Dresser Manufacturing Division, 
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Sets a new standard 
for paint protection 


RUBBER COAT 
NeW ‘quid HyPALOW/ 


Here’s paint protection . . . plus! You can 
brush or spray Rubber-Coat Liquid Hypaton 
as easily as ordinary paint-and give equipment 
and structural steel the protection only this 
new Du Pont synthetic rubber can provide: 


@ extreme ozone and weather resistance 
e@ extreme resistance to heat and cold: —30°F to 300°F 
@ extreme resistance to chemicals 
@ extreme resistance to oils and grease 
@ in white and a wide variety of colors* 
*Supplied by mixing base plus color additive. 


eT] 


For extra rust resistance use Totrust Instant Dry } 
Primer as a first coat. Totrust Instant Dry | . | 
Primer stops rust at its source, dries in minutes. | 

| 


easy-to-use booklet gives you all the information 


FREE — Paint Selection Chart — this handy, | 
on the right paint for every job in the plant— |... o=- | 


including cost. Send for your copy today. 


THE WILBUR & WILLIAMS COMPANY 


Boston (Brighton) 35, Mass. 


Vol. 13 October, 1957 


Good-All Electric Mfg. Co 
Haynes Stellite Company, Division of 

Union Carbide Corporation 1€2 
Humble Oil & Refining Company.... . 125 
Industrial Classified Directory. . .. 115, 116 
Inertol Company, The. . ose ee 
International Nickel ca, ‘Inc. 1:9 
International Paint Co., Inc............. 186 
Johns-Manville Sales Corp.. Bi ete ni ee 
Koppers Company 4 
Kraloy Plastic Pipe 7 Inc.. 119 
Markal Company . ee he { 
Mavor-Kelly Company .... 0 ie 
Moves Bromiirs, 186. o.oo eda cces 
Metal Coating Corporation oe 
Meta! and Thermit Corporation. . va ee 
Midwestern Pipe Line Products Co....... 159 
Minnesota Mining & Mfg. Co 
National Association of 

Corrosion Engineers 
National Carbon Company, 

Division of Union Carbide Corp 
Perrault Equipment Company 
Pipeline Coating & Engineering Co., Inc 
Plicoflex, Inc. 
Pittsburgh Coke & Chemical Co... 
Plastic Applicators, Inc 
Polyken Products, Dept. of 

The Kendall Company... . 
Positions Wanted & Available. 
Reilly Tar & Chemical Corp..... 
Resistoflex Corporation 
St. Joseph Lead Co. 
Saran Lined Pipe Company 
Standard Magnesium Corporation 
Steelcote Manufacturing Co.. 
Stewart Brothers, Division of 

Instrument Laboratories . . 
Tapecoat Co., The. . 
Texsteam Corporation 
Tinker & Rasor 
Tretolite Company 
Tropical Paint Company 
Truscon Laboratories, 

Division of Devoe & Raynolds Co., Inc. 
Tube-Kote, Inc, 
U. S. Industrial Chemicals Co., 

Division of National 

Distillers & Chemical Corp. 
U. S. Stoneware Company 
United States Steel Corp. 
Wholesale Coke Company 
Wilbur & Williams Company 
Williamson, T. D., Inc. 
Wright Chemical Corp. 


sensing elements and those that would 
function as seals, both static and dynamic. 
Frozen-type seals, which hold some 
promise for the latter application, re- 
ceived considerable attention during the 
experimental phases of this work. (auth). 
—NSA. 13380 


4.7, 3.5.8 

A Preliminary Study of the Fatigue 
of Metals in Liquid Metal Environments. 
J. W. Martin ann G. C. SmituH. Metal- 
lurgia, 54, No. 325, 227-232, 238 (1956) 
November. 

Two types of fatigue tests were car- 
ried out. First series were rotating bend- 
ing tests, using Wohler-type machine 
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and Haigh-Robertson wire testing fatigue 
machine to determine effect of mercury 
coating on fatigue properties of 70-30 
nd 60-40 brasses, copper-tin alloy and 
opper-cadmium alloy. Second series 
vere push-pull tests, using Losenhausen 
iydraulic machine, on specimens of mild 
steel in contact with liquid tin at 300 C 
ind stainless steel (18-8) in contact with 
liquid sodium at 300 C. Liquid metal 
was contained within hollow test-pieces. 
Microphotographs show fatigue fracture 
in brass, penetration of liquid tin around 
sulphide inclusion in mild steel and 
transgranular cracks near fatigue frac- 
ture of 18-8 —INCO. 13283 


5. PREVENTIVE MEASURES 


5.4 Non-Metallic Coatings 
and Paints 


5.4.8 

Acid and Alkali Resistant Protective 
Paints. Part II. Coatings Based on 
Epoxide and Other Resins. W. L. YEo, 
Corrosion Prevention & Control, 3, No. 1, 
35-36 (1956) Jan. 

Coatings based on epoxide resins pro- 
vide a high standard of protection 
against acid attack and reasonable pro- 
tection against alkalinity and a wide 
range of solvents. The air drying 
epoxide enamel is more frequently used. 
Such enamels have a full hard gloss and 
ire not affected by prolonged exposure 
to ultra-violet and sunlight. Cold cured 
enamels have the advantage that they 
can be applied very thick because they 
polymerize without oxidation. Vinyl 
paint systems and silicone resin paints 
also perform well. —RPI. 12657 


5.4.8, 4.6.5 

Testing of Baking Enamels for Stor- 
age Tanks for Demineralised Boiler 
Feedwater. E. Hass. Mitt. Ver Gross- 
kesselbesitzer, No. 40, 35-39 (1956); 
Chem. Absts., 50, No. 13, 9758f (1956). 

3aking enamels have good ageing 
properties, combined with superior ad- 
hesion, so that they are suitable for 
coating pipes and holders for protection 
from corrosion by cold and hot water. 
With the present high purity of steam 
condensate and water from ion-exchange 
systems, these lacquers should be tested 
for soluble constituents. Water standing 
in contact with them at 20 and 40 de- 
grees for periods up to three weeks 
was tested for residue on evaporation, 
increase in potassium permanganate 
value and conductivity. One enamel was 
found to be unsatisfactory, but another 
yielded only negligible amounts of solu- 
ble material and its characteristics were 
unchanged over the testing period. These 
enamels were a mixture of high-polymer 
synthetic resins and a suitable silicone 
containing varying amounts of pigments. 
They were polymerized at about 180 de- 
grees. —RPI. 13231 


5.4.8, 4.6.11, 4.2.5 

Suggested Painting Specifications for 
Marine Environments: First Interim 
Report. NACE Technical Unit Com- 
mittee T-1M on Corrosion of Oil and 
Gas Well Producing Equipment in Off- 
shore Installations. (D. F. Drtar, Jr, 
CHAIRMAN), Prepared by Task Group 
T-1M-2 on Protective Barriers (H. E. 
WaALprIP, CHAIRMAN). Corrosion, 13, No. 
3, 205t-208t (1957) March. 

Specifications and recommendations 
are given significant to contractors and 


CORROSION ABSTRACTS 


operators applying and purchasing coat- 
ings systems in marine environment. 
The recommendations cover equipment, 
surface preparation, specific coatings 
systems, inspections and the techniques 
related to these items. 13140 


5.4.8, 4.6.11, 4,2,5 

Suggested Coating Specifications for 
Hot Application of Coal Tar Enamel for 
Marine Environments: Second Interim 
Report. NACE Technical Unit Com- 
mittee T-1M on Corrosion of Oil and 
Gas Well Producing Equipment in Off- 
shore Installations (D. F. Drtar, Jr, 
CHAIRMAN), Prepared by Task Group 
T-1M-2 on Protective Barriers (H. E. 
WaALpRIP, CHAIRMAN). Corrosion, 13, No. 
3, 209t-210t (1957) March. 

Specifications and recommendations 
are given significant to contractors and 


pipe line services 
by 
MIDWESTERN 


KEYSTONE 


... Asbestos Felt Continu- 
ous membrane with paral- 
lel reinforcement. . . gives 
greater strength, longer 
life, faster application. 


COROMAT 


terials they use . . 
GLASKOTE comprise the top team 
in the pipe wrap league. 

“GLASFAB”. 
loom woven glass fabric pipe wrap, 


159 


operators applying and purchasing coal 
tar coatings systems in marine environ- 
ments. Recommendations cover surface 
preparation, materials and _ systems, 
handling of materials, application and 
inspection. 13139 


5.4.8, 8.9.5 

Modern Marine Paints. A. D. C. Ham- 
ILTON. Corrosion Technology, 4, No. 1, 
5-8 (1957) Jan. 

Discusses development in marine paint 
formulation resulting from new and im- 
proved raw materials. Various methods 
of surface preparation and paint appli- 
cation are reviewed. Paint compositions 
and their protective merits are discussed 
for bottom compositions, above-water 
primers, boot-top compositions, topside, 
superstructure, accommodation and cargo 
space paints. —INCO. 13184 


GLASFAB.. 


BRAND WOVEN MEMBRANE 


GLAS Kote 


For the most profitable results, a 
pipe line crew must work as a team 


. and the same is true of the ma- 
.“GLASFAB” and 


. a wholly inorganic, 


with maximum tensile strength, 


. . « OWENS-CORNING 
Fiberglas Underground Pipe 
Wrap for stronger, longer 
reinforcement of pipe line 
enamel . . . fast and easy 
to apply. 


porosity, and reinforcing qualities. 
GLASKOTE 
plasticized coal tar pitch and glass 
fabric in tape form with high resist- 


a ready-to-apply 


ance to soil stress, high impact resis- 
tance and a superior bonding strength 


KAPCO 


... Rock Shield—protects 
pipe and coating against 
rock, without dirt-padding. 


. excellent for emergency repairs. 


Make your team more mobile and 
efficient . . 
representative about “GLASFAB” and 


. consult a Midwestern 


GLASKOTE TODAY. 


branch offices— 

© Houston, Tex. 

e Atlanta, Ga. 

@ Mt. Prospect, III. 

e Pittsburgh, Pa. 

© Oklahoma City, Okla 
Portland, Ore. 

@ New York, N.Y. (export) 


MIDWESTERN ~ 


PIPE LINE PRODUCTS CO. : 


4645 Sapulpa Rd. Tulsa, Okla. 


Hickory 6-6144 
Cable Address: Mid Pipe 
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TANK 
LINING 





@ dense, extruded body 

















® non-oxidizing—for long service 
life - F 


e excellent chemical resistance 
—particularly to chromic and 
other oxidizing acids 






: de y, e negligible extractibility 


© high electrical resistivity 


\ vg A y ® tough, abrasion-resistant 










This new Tygon tank lining material (Formulation 105A) 
represents a major step forward in the development of plastic 






linings for corrosive service. This new lining is extruded, 






not calendered. It is completely free of laminations, hence no 






“peeling” in service. It shows excellent resistance to highly 





oxidizing acids, including chromic. 








Tygon Tank Linings can be installed at our Ev 
plant or in the plants of licensed fabricators ml 
throughout the United States and Canada. ry pre 
Write today for Bulletin TL-526R. FL the 


U. S. STONEWARE 


AKRON 9, OHIO 
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Now you can have 
maximum protection 


for every inch of underground piping with 
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asbestos pipeline felt 















only 4% weight variation 
in 30,000 miles of felt 
— thanks to 

new AccuRay,, process ! 


This AccuRay control system has 
watch-dogged the manufacture of 
more than 30,000 miles of Carey 
Pipeline Felt. During this time the 
average weight variation in the felt 
has been less than 4% —compared 
to the usual 30% average for stand- 
ard quality control methods. 


@® Trade mark of Industrial Nucleonics, Inc.—originators of this advanced nucleonic process for measuring thickness. 





Every inch of underground pipe is subjected to soil stress. One weak spot in 100 THE PHILIP CAREY 
miles of piping can be mighty costly—and so can any weak spots in the felt that 
protects this piping. That’s why it’s just good business to choose the pipeline felt MFG. COMPANY 
that gives you the greatest uniformity of weight, thickness and strength for maxi- Lockland, Cincinnati 15, Ohio 
’ ’ 


mum protection against corrosion. 

Only Carey, of all pipeline wrapping manufacturers, can offer you this uniformity— 
because only Carey Asbestos Pipeline Felt is weight-controlled by nucleonic AccuRay. 
There can be no weak spots to cause you repair headaches in years to come. ee : It. Pipeli 
Why not ask your Carey Sales Engineer for the full story on the new Carey Asbestos arey Ipetne Feil, Fipeune 
Pipeline Felt with AccuRay, or write Dept. C-107 in Cincinnati. Padding, and Carey Glass 
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HAYNES Alloys solve the tough corrosi 


‘if 





on problems 


ee 





2'/2 Years in 
CHLORINE DIOXIDE 
...and still operating 





















‘Ls give greater brightness to kraft paper, the pulp is 
bleached with chlorine dioxide (ClO:). This creates a 
mixer and equipment problem—some of the mixer ma- 
terials lasted only six months. 

One mixer, lined with 14-in. HASTELLOY alloy C sheet, 
has lasted 24%4 years—5 times longer than any previous 
material used. A mixer made entirely of HASTELLOY 
alloy C has a full life expectancy of 10 
years. 

If you have a severe corrosive condi- 
tion, it will pay you to investigate the 
use of HASTELLOY alloys. Send for 

3ooklet. Address HAYNES STELLITE 
COMPANY, Division of Union Carbide 


...+ Process Equipment Protected with CORPORAL SpE SRR 
HASTELLOY Alloy C . .. can be used to handle 
acids, fats, oils, or other corrosive materials. 
This vessel made of HASTELLOY alloy C handles 
chlorine dioxide used in a pulp bleaching process. 










ms 


aLLowys 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 





“Haynes,” “Hastelloy” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
) d Pp 























32 DURIRON ANODES protect 11,000 feet 


9f steel water line without backfill 


The Problem: An isolated section of 11,000 feet of steel water line 
needed cathodic protection. Tests showed current re- 
quirements to be 40 amps., but replacement of adjacent 
wood stave lines called for extra capacity. Ground was 
a peat bog with water table standing at 6 inches below 
surface, making backfill methods impossible. 


The Installation: 32 Duriron Anodes (2” x 60”) were installed without 
backfill, by digging through the dry surface and then 
pushing anodes down until the tops were 3 feet below 
surface. Anodes were installed 20 feet apart, in two rows, 
with a calculated resistance of one ohm, based on previous 
experience with similar installations. While conventional 
backfill columns would have reduced the number of 
anodes necessary, the use of bare anodes constituted 
a major saving in cost. 


THIRTY TWO DURIRON ANODES 
: IN TWO ROWS OF 16 EACH 

» 1S 20 FOOT SPACING. 

$a 

na- 


475° ALONG ROAD 
TO PIPELINE 


STEEL PIPE LINE 
us 


OY 


RECTIFIER AND SERVICE POLE 





The Performance: The anode bed is discharging 60 amps. at a terminal 
voltage of 59 volts. The entire line section is under protec- 
tion, the minimum potential being 1.18 volts. This affords 
ample margin to handle prospective additions to the line. 
Agreement between actual and calculated anode resist- 
ance is quite close. 


Action: For further information on this particular installation 
or for technical assistance on other Duriron impressed 
current anode installations, write: 





THE DURIRON COMPANY, INC./ DAYTON, OHIO 


Kentucky River Crossing of 26” 
Texas Gas Transmission Co. line. 
Pipe and weights protected with 
Pitt Chem Plasticized Enamel. 


But Pitt Chem Enamel 
Assures Long-Term Protection 
and Low Maintenance Cost 


f {= extra cost of protecting your pipelines 
4. with coal tar enamels may look like pin money 
a few years from now. For the expense of excessive 
cathodic protection and reconditioning—which 
is often necessary when “economy” coatings are 
used—can sky-rocket your maintenance costs out 
of all economic proportion. 

Coal tar enamels have proved their superior 
ability to resist soil stress and water absorption, 
the two principal reasons why other coating 
materials repeatedly fail. So why gamble? Specify 


PITT CHEM°TAR BASE ENAMELS 


® Standard Grade ® Modified Grade 
® Plasticized Grade ® Hotline 
® Cold Applied Tar Base Coatings 


COAL CHEMICALS © PROTECTIVE COATINGS e@ PLASTICIZERS 


Pitt Chem Coal Tar Enamels, just as scores of 
leading pipeline companies do each year, and be 
sure of minimum maintenance and long-lasting 
protection. 

When you specify Pitt Chem, you enjoy the 
advantages of guaranteed quality, for Pitt Chem 
Enamels are manufactured under rigid production 
control—to published specifications. @ How can 
we help you? Send us the details of your coating 


problem. 


wsw 6460 


© ACTIVATED CARBON *© COKE *© CEMENT © PIG IRON 


ep iets. 





